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PREFACE. 



At a time when the Metropolis of India is ex- 
changing, in the course of a few hoars, telegraphic 
messages with the MetropoHs of England — when the 
capital of China will also be shortly brought within 
the electric circuit — when the West and the East 
are united with each other in friendly intercoui'se — 
when the English, French, and Indian steamers are 
carrying mails and merchandise every week backwards 
and forwards — in fact, when the ciTihsed West has 
been brought into such close proximity to the East — 



IT PEEFACE. 

it is of the highest importance that the improved 
machinery of modem times should be substituted in 
place of the rude apparatus with which the arts and 
manufactures are still carried on in India and the 
East. As one means of furthering so desirable an 
object, this volume is published; but not with the 
idea that a country is necessarily richer by maniifac 
turing its own raw produce. Let this be done by 
any nation, it matters not in what part of the world, 
as long aa it can be done, and done well, and brought 
to the market at the cheapest price. 

Plans of factories are given for some of the moat 
important industrial works now carried on in the East 
with rude appliances, but which, if worked on the 
factory system with improved machinery, there ii 
every reason to believe, will prove commercially suc- 
cesafal. 

The fact that capitalists in India and the East 
have not that enterprise and spirit which distinguish 
the European race, has been kept in mind in fixing 
the size of works. In the East, persons with large 
fortunes, and generally not educated, have naturally 
no inducements to trouble their minds with manufac- 
turing enterprise ; they therefore require to be intro- 
duced to the subject by degrees. Estimates are given 
and brought to such a point that persons possessing 
moderate capital will be able to carry out a great 
many of the industrial projects described. This will 
be preferable to the formation of joint-stock companies 




■ that purpoae. But joint-Htoek companies, if well 
managed, will be able to erect works on a acale of 
magnitude which would vie with those of Europe, 
where single individual firms invest such large amounts 
of capital as eoiJd hardly be eonceived by persons 
poBsessiiig the same wealth in the East. 

Attention haa been given, in. the plans of mills and 
fectories, to adapt thera to the wants of the country. 
The estimates have been framed in several cases fi'om 
actual invoices ; and the practical information has been 
gathered in the manufacturing districts of England 
from the best sources. The introductory and manu- 
fecturing chapters to each subject have been compiled 
from very reliable authorities, and the whole put into 
such shape, and so illustrated, as to prove a useful 
industrial guide-book, not only in India and the East, 
but also in other coimtries. Even to the general 
reader, not connected with factories or mills, but 
taking an interest in the advancement of civihsation 
and the elevation of mankind, the introductory 
chapters, in whieh the rise, progress, and present 
state of each manufacture are given, will, it is hoped, 
be of some interest. The statistics from the papers 
presented to Parliament, and other authentic sources, 
will be of use as showing the direction in which 
industrial progress can be developed, and to what 
extent it is capable of expansion. 

!hough this work is published in the interest of 
, and the East, it will not be the less in the 
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mDUSTRIAI. DEVELOPMENT IN INDIA 
AND THE EAST. 




A snoRT stay in the manufacturmg districts of England 
— in the mitlat of huge spinning and ■weaving mills, 
Weacli-worka, print-works, engine factories, workshops, 
uid forges, the incessant noise of spindles and machi- 
oery, and the endless traf&c — brings vividly to the 
"lind of even a very dull person the advantages which 



2 INDDSTRIAL DEVELOPMENT IN 

the use of machinery confers on mankind. Thesff 
advantages arise from the vast addition which machi- 
nery makes to human power, the economy which it 
effects in time, the precision with which all its opera- 1 
tiona are conducted, and the exact similarity in the 
articles that are made. It is by the aid of machinery 
only that the productive work of a single individual 
can be multiplied a thousand- fold, and made far t* 
Hurpaas in cheapness any hand-made work, notwith- 
standinj^ that, in the first instance, a great outlay it' 
required in machinery and other stock. 

In India and other parts of Asia, as labour is getting- 
scarcer every year, the introduction of improved machi- 
nery in place of the rude implements still in use woidd 
be beneficial, seeing that economy must arise from the 
substitution of machines. 

It cannot be denied that the elements of manufac- 
turing success exist in India and other parts of Asia; 
nor that the natives will acquire more wealth by manu- 
facturing the raw material with improved machinery 
for their own wante and for export, than by sending 
such materials thousands of miles, entailing a heavy 
expense in the cost of transit — to be returned in the 
manufactured state to the very places whence the raw 
materials were sent in the first instance, and charged 
with all the immense attendant outlay, which amounts 
to from twenty-five to thirty per cent. 

No doubt the first cost of machinery in India and 
China will be higher than in Great Britain, arising 
from the freight and other charges which would have 
to bo incurred ; and much more will have to he paid for 
fuel ; but, on the other hand, the saving in the price 
of raw material will more than equal all the transit, 




obtain 
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insuTance, and merchants' charges. To take an illus- 
tration. Despite the drawbitck in Bombay of having 
to pay for coals much more than ie paid in Great 
Britain — with the disadvantage of untrained hands in 
the mills, producing a leas quantity of yarn and cloth 
than in England per a given number of spindles and 
looms, and bad management in nine mills out of ten — 
the coat of spinning No. 20'b twiat {the principal number 
in demand in the Bombay Presidency) does not come 

more than the cost of spinning tbe same number in 
icashire "n'll in England. The high price of fuel, 
ver, is in course of being lessened by the working 
coal mines. The East India Eailway Company 
its supplies from the mines of Burdwan Ranee- 
gunge at a cost of no more than ten shillings per ton 
at the mouth of the pit. 

That improved machinery can bo successfully em- 
ployed in India and China for particular manufactures, 
and more cheaply than hand labour, cannot be doubted. 
Its success baa been proved in the case of cotton mills 
in Bombay, and jute mills near Calcutta — the latter of 
which are almost all owned by Europeans. 

It Las been asserted that India is only an agricultural 
country ; but it is an agricultural and a manufacturing 
country as well. Ko better proof of this could be given 
than the seven hundred working samples of Indian 
textile fabrics, collected in eighteen volumes, and pre- 
sented by the Secretary of State for India to the Man- 
cheater Chamber of Commerce and other institutions. 
The commissioner sent by the Manchester Cotton Supply 
Afisociation to India, during the American war, stated 
in his oiEcial report that 1,250,000,000 pounds of 
Mtton are consumed in India, and that 33,000,000 
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native spimllea must be kept at work by the people of J 
India. I 

The birth-place of cotton manufactures was India. " 
India supplied Great Britain with yarn and cotton 
goods long before she fumiahed a. pound of the raw 
material. Jaconets, mulmuls, doreas, were all originally 
manufactured in India. India not only carried on 
internal manufacture, but also an export trade. The 
Europeans carried the knowledge of this manufacture 
originally from India to Europe. The general name of 
Calico has been applied to the plain white cloth, from 
the circumstance of thia article having been first ex- 
ported from Calicut, situated on the Jlalabar Coast, in 
India. In the seventeenth centun-, the Dutch and 
English East India Companies sent to Europe Indian 
manufactured goods in large quantities — the finest 
muslins and table-cloths from Bengal ; beat chintzes, 
ginghams, and long cloths from Madras, and strong 
and inferior goods from Surat and Calicut. For many J 
hundred years Persia, Arabia, and all the eaateral 
parts of Africa were supplied with a considerable poT>J 
tion of their cloths, cottons, and muslins, from tlu 
marts of India. 

In 1621, Mr. Main, one of the Directors of the Eae 
India Company, estimated the annual importation t 
Indian calicoes in Great Britain at 50,000 pieces, thel 
average cost of which on hoard in India was sev^l 
shillings. The Indian muslins, chintzes, and calicoesJ 
became very fashionable in Britain for ladies' andl 
children's dresses. To such an extent did this proceedfT 
that as early as 1678 a loud outcry was made inJ 
England against the admission of Indian goods, which, f 
it was maintained, wero ruining the English wooUeo-J 
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LBnufacture — at that time the moat extensive branch of 
manufacture in Great Britain. An Act was passed in the 
year 1700 {Act 11 and 12, William III., chap. 10) 
vhich forbade the introduction of Indian goods for 
domestic use in Great Britain under a penalty of £d on 
ihe wearer and £20 on tie seller. The other govern- 
ments of Europe also thought it necessary to prohibit 
the introduction of Indian manufactured goods, or to 
load them with very heavy duties. In Britain the 
Act did not prevent the continued use of the goods, 
80 a duty was levied on Indian manufactured textiles, 
— ten per cent, on cotton, and twenty per cent, on silk 
goods. That useful fabric known as niuikeeu was also 
imported into Great Britain from China directly and 
indirectly to a large extent. 

There can be no doubt that Indian calicoes, muslina, 
chintzes, and China nankeen Lad become common in 
England at the close of the seventeenth century. De Foe, 
in a number of the Weekly ReeieK, January, 1708, sharing 
(he general notion of that time, bitterly lament«d the 
large importations of Indian goods into Great Britain, 
and stated that " the general fansie of the people runs 
upon East India goods. ... It has crept into our 
houses, bed-chambers, curtains, cushions, chairs ; and 
at last beds themselves were nothing but calicoes or 
Indian stuffs ; and, in short, almost everything relating 
to the dreKS of the women or the furniture of our 
houses was supplied by the Indian trade. About half 
of the woollen manufacture was entirely lost, half of 
the people ruined, and all this by the intercourse of the 
East India trade." (!) 

But a revolution has since token place. Tlie tide 
of commerce now runa more rapidly against the 
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Indians than it ever ro.n a^inst the Englisli. Ani 
why ? Kot because the British have made more 
progreaa in the delicacy of manipulation, — even with, 
the aid of machinery the beautiful Dacca muslina' 
have scarcely been surpassed by them as yet, — bat' 
simply in the immense quantity of goods they can; 
manufacture by the substitution of improved machinery." 

The art of printing calicoes by hand blocks waft 
practised in India from the earliest agea : but now the 
calico printing machinery of Great Britain and other- 
European nations is fast superseding the printing of 
Italian chintzes by hand labour — though in the year 
1680 the East India House was mobbed in revenge for. 
some large importations made by the East India 
Company, of chintzes manufactured in India. 

The process of dyeing Turkey red was also first 
discovered and practised in India; it was then intro-' 
duced into Europe and greatly improved, and now a 
considerable portion of the Turkey-dyed British goods 
finds its way back again to the East, though the beauti- 
ful dyes of India still maintain their high character in 
Europe. The most important dye-stuffs so extensively 
used in Great Britain, such as madder, indigo, lac dye, 
&c., are still produced in the East, and exported in 
large quantities to Europe. 

There is no doubt that, had it not been for the in- 
vention and improvement of machinery in Europe,' 
India would still have maintained her supremacy. But 
while every country in Europe was making some ad-' 
ditioa to its knowledge in useful arts and sciences, 
Asia slumbered in a death-like torpor, spell-bound and. 
entranced by the accursed superstition which preyed 
on her strength. 
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■ But now the time is come when Asia must rise from 
ier inactivity, cast off her supers titiona, march with the 
progress and civilisation of the times, and amongst 
other things {instead of spinning and weaving, dyeing 
and calico printing, and manufacturing, with rude 
apparata, just as her i'orefathers did a thousand years 
ago) suhstitute the icaproved machinery of modem 
times. India must improve the resources which nature 
has provided ; she must develop industrial appliances, 
and give facility to the accumulation of wealth by well- 
directed capital and labour, and by applying improved 
machinery and the useful arts for the production of 
various commodities. There is no doubt that the 
marvellous prosperity of Great Britain has, to a great 
extent, resulted from her manufactures, chiefly cotton, 
and that her wealth has been accumidated chiefly 
by manufacturing enterprise. The condition of any 
countiy must be precarious as long as its people are 
chiefly dependent on the produce of the land. It is the 
prevalence of manufacturing industry that has placed 
European countries in a position of prosperity. 

A stationary position has ruined Indian manufac- 
tores. But in the nineteenth century, under the 
British Eaj, with a weekly conunimication to and from 
the most civilised nations on earth, a stationary position 
is out of the question. The accimiidated result of many 
centuries' invention now lies at the door of Asia. Pro- 
gress in manufacturing and agricultural industry must 
henceforth he her motto. It will enrich the people, 
impart knowledge, remove prejudice and superstition 
from the land, and enable Asia to share with other 
nations advantages she does not enjoy at present. 

The prosperity of Asia will not depend solely on the 
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extent of her population nor the richness of her an- 
developed natural resources, nor even on her accumu- 
lated wealth, but mainly on that portion of her wealth 
which is being directed to useful purposes. It m only 
that portion of her capital which may be thus employed 
in Asia that will afiect her industrial progress. Tho 
industrial condition of Asia will never be improved by 
locking up her wealth in unproductive, useless works, 
or by hoarding up the precious metals — a practice 
which still prevails to a very great extent. It will be 
mainly by employing her wealth in aiding labour in 
the development of her resources, and in the intro- 
duction of improved machinery, that her prosperity can 
be stimulated. In a country where the ingredients of 
manufacturing success do exist, why should its power 
be wasted, iostead of employing that power for its owa 
benefit and the benefit of its teeming millions ? 




COTTON GINNING. 




Among all tlic various materiala which the skill of mau 
converts into comfortable and elegant clothing, the 
most extensively useful is the beautiful pi'oduce of the 
uotton plant. It poasesecB downy softness and warmth, 
and its delicate fibres are flexible and tenacious. Dr. 
Forbea Watson, reporter on the products of India, has 
Htated that there is no country in the world of equal 
extent so favoured as Hiudostan for the production of 
cotton, as regards climate and soil. More than eoventy 
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samples of soil, carefully Belected in India, were ana- 
lysed in England, and conclusively showed the riclinesB 
of the Indian soil in all the important constituents 
required for the growth of cotton and other fihroiu > 
plants. 

In almost every part of India cotton is gro'wn tax ! 
local consumption and for esport ; but certain districts ' 
are wholly occupied with its cultivation, chiefly for 
export to Great Britain and China. The Bombay 
Presidency, Surat, Broach, and other sea-indented 
lands of Guzerat, with their numerous outlets, have 
been the chief sources of supply. In the interior, 
Berar, which is celebrated for its superior cotton, baa 
been able to supply places from 400 to 1,000 miles 
distant, finding it suflSciently remunerative. In the 
south, another important and extensive cotton district 
is in the Southern Mahratta country. To the east of 
Berar is the extensive province of Nagpore, where 
Oomravathy and Kbangaum are the chief cotton marts. 
In the Madras Presidency, including Bcllary, Tinne- 
velly, and other collector ates, thousands of acres are 
planted with cotton. 

The culture of American cotton has taken firm root 
in India, chiefly in Dharwar; and from that district 
cotton is now obtained of a quality nearly equal to 
middling American, and which on the whole yields 
satisfactory profit to the cultivators. For this boon, 
a debt of gratitude is due to Mr. Shaw, the collector, 
and Dr. Forbes, who caused the average yield of 
cotton and its market worth per pound to be nearly 
doubled. 

The Dharwar cotton, from the acclimatised American 
seed, now stands at the head of the Indian price list, 
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,, according to the report of tLe Commisaioner sent 
out by the Manchester Cottou Supply AsBociation, ia, 
when properly cleaned, a fair rival to New Orleans 
oott«n. 

Dr. Forbes has recently published & report to show 
what other provinces besides Dharwar are best adapted 
for the cultivation of the accbmatised American seed ; 
and it appears that the acclimatised plant will thrive 
in many districts t in the Nizam's territory, a hundred 
mdeg from Dharwar — in Bellary in the Madras Presi- 
dency — and also in the North-West Provinces. In 
Khandeish, where cotton was grown of very inferior 
quality, the defect, according to official statements, has 
been remedied by the extirpation of the old cotton, and 
the complete introduction of the Berar variety ; and 
there ia every prospect of a grand future for the pro- 
vince, with its large area suitable for the crop. 

In the official reports, 1866-7, of the cotton crops of 
the Southom division of the Bombay Presidency, it 
waa shown that while the total cost to the cultivator 
per acre, in the case of exotic cotton, was 15s., and for 
the native plant, 13«. 6d., the profit by the sale of the 
produce in the former case was 25a., and in the latter, 
12b. 6rf., showing an advantage in favour of acclima- 
tised New Orleans of 12a. 6cf-. per acre. The extra 
out-turn not only represents a very much larger profit, 
but, what ia of still more importance in a country where 
almost every acre of arable land is taken up, it is an 
immense saving of cultivatable area. 

The Manchester Cotton Supply Association has 
rendered good service to India and other cotton-grow- 
ing countriea by furnishing the best description of 
seeds and improved machinery ; and has issued several 
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pamphlets deecribing the best modes of culture, for the 
use of persona engaged in cotton cultivation. The 
Afiaociation looks to India as tbe country from wbich 
the largest supply, next to America, is to be obtained. 

There ia ample room for the efforts of private enter- 
prise and public companies in various parts of Asia, for 
the introduction not only of improved seeds, but also of 
improved agricultural and ginning machinery ; seeing, 
that the cultivators or ryota are a poor and ignorant 
race, having no money to lay out on the improvement 
of their land, or in improved machinery for cleaning' 
cotton. 
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PKACTICAL PilOCESSES. 

When cotton is plucked from the plant, its fibres are 
largely mixed with the seeds, and with other woody 
fibrous matters which adhere very closely. These im- 
puritiea must be removed before any attempt is made 
to manufacture it. Considerablo diiference is found to 
exist between the different varieties of cotton in the 
force with which it adheres to the seed. In the black- 
seeded varieties it separates easily, while in the green- 
seeded cotton it adheres firmly. 
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PRACTICAL PROCESSES. liJ 

Thp first process, therefore, is the separation of the 
seed from the staple to which it is firmly attached, con- 
verting seed cotton into clean cotton hy means of gins. 
The oldest of these machines are the Indian churkas. 
They are still used in India, and have probably re- 
maineil without material improvemrnt or modification 
for two thousand years. In the Indian churka two 
small wooden rollers are placed one over the other in a 
frame, and they work together with teeth cut out of 
the ends. The machine, though it hardly deserves that 
Dame, is turned by one person and fed with cotton by 
another. The kapas, or seed-cotton, in its dirty state, 
!b put in at one side and the fibres drawn through 
between the rollers : the seeds being too large to pass 
are thereby torn off, and fall down to the opposite aide, 
being thus separated from the clean fibre. More 
than 75 per cent, of the cotton produced in India 
is ginned by the common chui'ka, and the yield of 




clean fibre is half a pound per hour for each person. 
The churka used in the Southern Mahralta country 
is the foot-roller, worked by a woman, which turns 
out from 8 to 13 lbs. of clean cotton daily. The 
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common Guzerat churka turns out 12 to 14 lbs. of 
clean cotton and 28 lbs. aeeda in a day, and require* 
two persona to work it. Some years ago Dr. Forbes 
tried to improve the Indian churka for cleaning kapaa 
or eeed-cotton, by introducing improvements of a Bimple 
cbaracter, to enable one person instead of two to work 

it. 

From tbe records of the Bombay Chamber of Commerce 
it appears, according to the minute of Mr. John Flera- 
ming (who haa been honoured with the order of the 
" Star of India," and who has done more than any other 
native or European merchant in introducing useful in- 
dustrial enterprise into Western India), that Dr. ForbeB' 
improved cottage churka turns out a larger quantity 
of clean cotton in a given time than the rude Indian 
apparatus, without iiijuring the staple. 

There is a general complaint that the cotton crop is 
not properly weeded, and that when ripe it is not 
carefully picked or properly cleaned ; this arises from 
the scarcity of hands, which is very great in the picking 
season. One mode, as Dr. Forbes remarks, of remedy- 
ing these defects will be the introduction of machinery 
for cleaning cotton. Machinery will not only ensure 
that the cotton shall be better cleaned and packed, but 
will also set free many of the hands now employed on 
the clumsy and inefficient native churkas. 

In America, Mr. "Whitney invented his well-known 
saw-gin, which enabled cotton- growers to keep pace in 
cleaning it with the demand of the times. An immense 
stimulus was thus given to the cotton -producing power 
of America. The production iu the United States alone 
rose within ten years from the date of invention two 
hundred fold; and in l&GQ the cotton crop in that 
country amounted to 3,800,000 bales. The cotton gins 
now in general use in the States are, in principle, the 
same as the original Whitney gin, though a good 
many improvements have been introduced from time to 
time. The gin contains circular saws mounted on a 
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cylinder turned by a fly-wheel. Another cylinder 
mounted with brushes, and working iu an opposite 
direction, cleans the cotton from the teeth pf the saws. 
It is stated that one man with a two-horae power 
engine can clean, with a Whitney's eighty-saw gin, 
&bout 80 pounds per hour. But the American saw-gin 
is not adapted for ginning the short-staple variety of 
Indian ootton, because the fibre is too weak to stand 
the action of the saws. In the case of the New Orleans 
cotton of the Dharwar and other districts, a modifica- 
tion of the saw-gin, adopted in the Dharwar Govern- 
ment gin factory, has answered to some extent. These 
saw-gins are worked by manual labour ; eight persons 
being employed to a gin of eighteen saws, and six to 
one of ten saws. 

It is strange that at a time when the establishment 
of railways in India is rapidly extruding, and when 
steam has been applied in England even for such pur- 
poses as driving mock wooden horses round and round 
at a rapid speed for the mere amusement of children (as 
may be seen at Knott Mill and other fairs in England), 
and even in brushing hair at hair-cutters' shops, some of 
the Indian Government officials bave seriously proposed 
Co economise hhour and time by devising a simple gin to 
be entrusted to common villagers. This is surely a 
mistake. Economy of labour and celerity of perform- 
ance will only be insured by the use of cotton-gins 
provided with the latest improvements, and driven by 
steam, as lately introduced in Guzerat. 

Since the estabbabmcnt of the first steam cotton- 
ginning factory, the increased cultivation of cotton in 
other parts of the world has so increased the demand 
for cotton-gins, that English machinists have paid 
within the last few years special attention to their im- 
provement and construction, so that every description 
of cotton may be ginned by them. The gin introduced 
into Guzerat is that known as the Iinproeed Macarthy 
Gin, made forty inches wide. The seed cotton is fed 
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into this machine by an endleaa travelling apron, dp! 
out by a spiked roller, transferred therefrom in detaclied 1 
tuftfi by the vibratory mnvementa of a transferring comb, J 
and presented to another roller between fixed i 



Tibrating blades, ■which come into action alternately. ' 
The seeds are separated in this improved gin without j 
being crushed, and the fibre of cotton ia not in the 
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'■least injured. Instead of the leather on the roller in 
tliis machine, which requires to be renewed at short 
intervals of time, and which ia expensive, jute-cloth, 
which is very cheap, has been substituted, to effect 
economy in working the gin. 

It is a gratifying fact that within the last three years 
about 2,000 Maearthy gins, morked by steam, have been 
introduced into Guzerat, chiefly through the enterprise 
of a few Europeans ; while in Dharwar, producing a 
far better quality of cotton, and therefore with the sure 
prospect of obtaining an increased production in ginning, 
neither Maearthy nor any other gins driven by steam 
have been introduced. It la a prevalent belief that 
those interested in the Government Dharwar gin 
factory, which supplies saw-gins fitted with saws im- 
ported from England, would use their powerful interest 
in the district to prevent native cotton merchants from 
sending their cotton to be ginned in the steam ginning 
factories that may be established. It is now highly 
expedient that the Dharwar Government gin factory 
should be abolished, leaving the field open for private 
enterprise. From what has bt«n done in Guzerat, 
there need not he the sKghtest apprehension that the 
field will long remain unoccupied. 
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ESTIMATE FOR A COTTON GINNING FACTORY. 

25 Improved double-action Macartihy gms, 40 inclies wide, with 
saLf-feeding apparatus, and other recent improvements, com- 
plete 600 

(Without improvements will cost much less.^ 
1 Horizontal steam-engme, high pressure, cylinder 14' , stroke 
30", with governor, fly-wheel, &c., complete ; 1 Cornish 
boiler, 18 feet long, 6 feet diameter, complete, wi& mount- 
ings 300 

Shafting for driving the gins, including wheels, pedestals, columns, 

&c 100 

Lieather belts (one large, from steam-engine) .... 60 

Extras and miscellaneous articles, paclong, and free delivery on 

board 100 

£1,060 



DIMENSIONS OF A COTTON GINNING FACTORY 

Fob. 60 Gms. 



Ginning-room 

Engine and Boiler-house 


Length. 
Feet. 


Breadth. 
Feet. 


Square 
Feet. 


Height. 


Cubic 
Feet. 


160 
38 


26 
26 


4,000 
960 


16 
10 


60,000 
9,600 


Total in square feet 


and cul 


nc feet 


4,960 




69,600 



REMARKS ON COTTON GINNING rACTORT. 



GisNiNH is so important that cotton cleaned in a 
proper machine fetches a higher price than when 
cleaned in one of less perfect action. 

The estimate for a cotton ginning factory is for 25 
40-inch ITacarthy gins, with all recent improvementa. 
If the number of gina be increased, so much the better 
for economical working. No ginning factory ought to 
have a less number than 20 gins. The cost of the 25 
gins, with self-feeding apparatus, and other improve- 
ments, with steam-engine, boiler, shafting, packing, and 
free delivery, comes to £1,050. From this estimate the 
coat of any number of gins, with the necessary amount 
of motive power for driving them, may be calculated. 
In some ginning factories, to open the tufts of cotton 
opening machines are ueed. Two will be required for 
25 gina, and will not cost more than £50. 

A steam-engine, two horse-power indicated, will turn 
three gins 40 inches wide. The space occupied by each 
gin will be 5 feet by 2 feet 10 inches ; packed iu two cases 
they will weigh 7| cwt., and measure 30 cubic feet. 

The yield of clean cotton from seed cotton per each 
gin will be from 20 to 25 lbs. per hour ; the better the 
quality of cotton, the greater will be the product. If 
tile yield is 25 lbs. for Surat cotton, for Dharwar New 
Orleans it will be 35 lbs. per hour. In Guzerat one 
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native ctmrka, worked by two men, turns out 12 lbs. 
clean cotton and 24 lbs. seeds in a day. 

Gins made at the Dharwar government factory, fitted 
iirith saws imported from England, cost about 173 rupees 

'th 18 saws ; for a gin with 10 sawa, 100 rupees, wbicb 
requires eight men to work it, and produces 200 Iba. of 
clean fibre per day. 

It ia not denied that at times the sawa cut up the 
staple so badly that, notwithstanding the superior quality 
of Dharwar cotton, no higher price ia realised than for 
the ordinary indigenous cotton. The Macarthy gin is 
adapted for cleaning cotton either short or long stapled, 
while the saw-gin is appHcablo for long atapled cotton 
only. 

There is no doubt that by the use of the Macarthy 
gin the seeds are separated without in the least injuring 
the fibre, whereas with a saw-gin, even in long atapled 
Dharwar cotton, the condition of the fibre is not so 
jwrfect. Samples of cotton cleaned by the Macarthy 
:and saw-gins respectively, have been submitted to the 
Manchester Cotton Supply Association ; that cleaned by 
the former baa been valued higher than the same qtiality 
of cotton cleaned by the latter. 

By the application to Macarthy gina of a patent 
feeding apparatus, saving has been effected in labour ; as 
one person can attend to more machines, while at the 
same time the production ia also increased. The objec- 
tion to expensive leather rollers has been obviated by 
HlB patent fibre roller, which it is asserted possesses 
'greator durability, and an uniform regularity of surface, 
though in some factories it is not at all approved. 

In America the Macarthy gin ia used for the Sea 
Island cotton. It also cleans New Orleans cotton with 
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less injury than the saw-gin ; but for general purpoees 
the Macarthy ia not used in America, as it does a less 
quantity than the saw-gin used in the States. 

Two patent gins have been lately constructed ; and 
it has been asserted that by the peculiar action the fibre 
of cotton is protected from the tearing action of the 
saw-gin, and that the full length of the staple is taken 
off neatly ; but these patent gins have not been yet 
tried on a large scale in a ginning factory. 

Plan A of the cotton ginning factory shows the ar- 
rangement of fifty gins, the way the gins are driven by 
power derived from the steam-engine, and the room 
where the seeds fall from the gins during the process of 
cotton ginning. The engine and boiler are placed at the 
end of the main building. The gins may be driven 
from below, as shown on plan, or from top. In the case 
of a small factory of 25 gins, the plan of driving the 
gins direct will be preferable. 

At the important cotton centre of Broach, in Guzerat, 
one of the ginning companies established is the Victoria 
Company, which works 80 double-action Macarthy 
gins, driven with engines of 25 horse-power. On an 
average, 62,000 lbs, of seed cotton or kuppas are 
cleared here every day. The Mofiuasil Company works 
74 gins of the same description, with two engines of 
15 horse-power each. The Anglo-Indian Company's 
factory contains 70 gins, Macarthy, with two engines 
of 25 horse-power each. There is another with 80 gins, 
driven by a 30 borse-power steam-engine ; besides, 
other new gin factories have been projected, as they are 
paying so well. At Verumgaam, in the establishment 
of the Guzerat Company, there are 80 Macarthy gins 
worked by two engines of 20 horse-power. Each gin 



cleans 200 lbs. cotton daily. At Omrawatee the Moffuaail 
Press Company works 80 Macarthy gma, and turns out 
16,000 lbs. of cleaned cotton in ten hours, as stated in 
official report-s. 

The profits to be realoaed from ginning cotton by 
machinery with recent improvements may be judged 
iiom this fact, that two enterprising Europeans built a 
cotton g innin g factory at Broach, commenced working 
during the season of 1865, and realised a profit of more 
than 35 per cent, on the capital laid out. The field 
for introducing improved gins worked by steam-power 
is so extensive, that it may be safely calculated that 
the profits on the average, under good management, 
wUl not be less than 15 per cent. 
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COTTON MANUFACTURES. 




INTRODPCriON, 

The rapid growth and present magnitude of the cottoa ' 
manufacture are unprecedented phenomena in the his- 
tory of industry. This manufacture now forms one 
of the principal trades carried on in Great Britain^ 
affording an advantageous field for the accumulation and 
employment of millions upon millions of capital. It . 
has contributed in no common degree to raise the 
British nation to the high and conspicuous place she 
now occupies. Nor is it too much t« say that it was 
the wealth and energy derived from the cotton manu- 
facture that have given England strength to sustain 
burdens which would have crushed any other nation. 

Little more than a hundred years ago, cotton as an 
article of commerce Tvas scarcely known in Qreat 



Britain. The import of the raw material into Liver- 
pool was limited to a few bales. The first cotton mill 
that was built in England was so small and primitivo 
that the machinery was tiirned by two aases walking 
round an axis ; it gave employment to ten girls. The 
application of an admirable and simple contrivance by 
Richard Arkwright, of rollers for disengaging and 
laying parallel the cotton fibres, formed the basis of 
gpLEining machinery, Arkwright, Hargreaves, and 
Crompton were virtually the founders of the cotton 
manufacture, sceiu'* that they determined with wonder- 
ful skill and ingenuity the principle of almost every 
machine now found iu cotton milla, by successive improve- 
ments in which the production of yarn has increased 
three hundred fold. Arkwright's first mill was built in 
1771, and was driven by water-power ; hut in 1790 James 
Watt's steam-engine was substituted, and, by its regular 
uniform motiou, greatly improved the processes and im- 
parted new life to the cotton manufacture. What hod 
been a domestic occupation was now carried from cottages 
to factories, and conducted in one scries of operations 
upon better mechanical principles and at less expense. 
Larger establishments were subsequently formed ; the 
workmen were obliged to be more regular in their 
attendance, earned more wages, and lived better. 

Improvements were also introduced in weaving. On 
the weaving loom, in 1800, the most industrious work- 
man could produce in a week of sixty hours no more 
than four pieces of cotton cloth ; whereas with the im- 
proved loom twenty-six pieces of the same fabric were 
produced, and that at a much less cost in working. 
But the important advantages of sizing and weaving 
by fiteam-power were not at once recognised. In 
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1813 there were no more than 2,400 looms warkt 
by steam, but in seven years the number increased 1^ 
14,000, in 1830 to 60,000, in 1833 to lOO.OOOJ 
while the number of looms now working in Gre 
Britain is more than 400,000. By the invention < 
the "loose reed," the loom for weaving cloth ■ 
worked with one huntired per cent, more speed than b 
fore ; by tho taking-up motion the cloth was rolh 
after being made ; and by the use of change-whe€ 
any number of picks in one inch of cloth could b 
in with the greatest nicety and by self-acting m 
nism. From 1830 to 1860 tho productive power < 
cotton machinery made wonderful progress ; this pn) 
gress is kept up and will be continued in Gre 
Britain, by the keen competition to make the n 
nery as self-acting as possible, and to increase the pro- 
ductive power as well as the quality. The improved 
machinery has given such an impetus to the trade, and 
now such immense quantities of yam and goods are 
produced, that the whole population of the world would 
scarcely be able to spin and weave it by the use of the 
old hand- spindle. 

According to the latest official returns, in the year 
1861 there were more than 2,470 cotton mills in Great 
Britain; since then factories have been built witi 
astonishing rapidity. T. Bazley, Esq., M.P. for Man- 
chester, in an article in the Exchange, calculated ap- 
proximately that the spinning spindles existing in the 
trade in the year 1863 were 32,000,000 ; and the gross 
capital invested by Great Britain in the manufacture, 
directly and indirectly, at eitjhty million pounds sterling. 

The persons engaged in the manufacture are enabled 
to contribute one-fourth part of the national rerenne 



J 



INTHODUCTION. 

of Great Britain, or exceeding twelve million poimda 
sterling per annum in taxes to the State. 

In 1860 Britain exported to India alone 241,978,364 
pounds of yam and cotton goods ; lier total exports 
were 2,776,218,427 yards of cotton cloth, besides 
197,343,655 pounds of cotton twist and yam. The 
total declared value of cotton exports for that year 
smounted to £52,012,380, after supplying the house- 
hold requirements of its own popidation. The im- 
portance of the cotton manufacture may be estimated 
&oni the fact that in 1860 out of the total exports from 
Great Britain, 40 per cent, consisted of cotton goods 
exclusively, 20 per cent, of three other textile fabrics, 
woollen, linen, and silk, while the remaining 40 per 
cent, included every other article of commerce. Every 
year the export of cotton manufactures increases re- 
markably ; and notwithstanding that in the year 1866 
during a great portion of the year there was a severe 
monetary crisis, its value, according to the Board of 
Trade returns, increased to £60,800,000. 

Not only in Great Britain, but in almost all other 
countries in Europe, cotton mills have been built and 
fitted with the most improved spinning and weaving 
machinery. Gigantic establishments have been erected 
for making machinery for spinning and weaving cotton. 
One single firm near Manchester employs more than 
five thousand hands, to whom £250,000 are paid each 
year for wages alone. It is calculated that in it could 
be produced every week entire fittings and furnishings 
for a Tuiin of 20,000 spindles for spinning and looms 
for weaving cloth. 

But Great Britain has long ceased to possess exclu- 
uve knowledge and skill in the art of manufacturing 
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cotton by machinery. The progreafl of this manufac- 
ture in Eiirope will be seen by the following table : — 



Great Britain 


30,387,267 



















In 186K, the number of spindles working in Great 
Britain was 36,000,000, according to Mr. Ashworth, 
who read a paper on the subject before the Social 
Science Congress ; ho added that every day 10,000,000 
yarda come out from English looms. 

India has reason to be ashamed that with its raat' 
territories, with 200 millions of population all wearing 
almost entirely cotton fabrics, with raw material neat 
at hand, with every facility in common with other 
countries for getting machinery with the latest im- 
provements from England, with labour comparatively 
cheaper than in Europe — that in such a country, and 
with such facilities, no more spindles are running at the 
present moment than are now in the poorest third-rate 
countries in Europe — countries where no cotton ia 
produced, where machinery for working is not made, 
where skilled labour is also wanting, and where also, 
as in Russia, the climate is unfavourable, the heat being 
excessive at one time, while at another the thermo- 
meter stands very much below zero. 

The idea of a spinning and weaving factory in India 
is due, not to a native, but to a Frenchman, M, Dea* 
bassyns, who was A dmini strator General in the French 
Bettlement of Pondicherry in the years 1826-28. At 
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first tlie French Government granted large subsidies, 
and Has branch of industry has prospered in Pondi- 
oherry. In Calcutta one or two cotton fafitoriea were 
erected, but through bad raauagement did not make 
any progress. In Bombay, the first cotton mill, owned 
hy "The Bombay Spinning and Weaving Company," 
did not commence working till February, 1856 ; and 
though it has paid handsome dividends, the number of 
cotton mills in Bombay, which place may be considered 
the head-quarters of cotton manufacturing by improved 
machinery in India, may almost be counted on the 
fingers' ends, There are not more than twelve cot(«n 
factories — a less number even than that established in 
Lancashire by working men on co-operative principles. 




^»There is no doubt that that which impeded the 
progress of cotton manufactures in India was the rude- 
ness and tediousness of the modes of working. In 
several places it is still carried on by the natives with 
the rudest and cheapest apparatus, just aa their fore- 
fathers did before them. For thousands of years no 
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improvement whatever was made in the art of fabriJ 
eating cotton into cloth ; whereas in England the im- 
provement's made during the last age have so econo- 
mised labour as to enable one man to do the work c 
a hundred. It has been well said that England is more 
indebted to Arkwright and Watt for her triumphs 
than to Nelson and Wellington. 

The cotton manufact^ure in India possesses elemenU 
of the highest commercial advantage— because i 
product is in demand over all parts of India and China, 
the raw material is near at hand, the processes ot 
manufacture are improving every day, and it could'. 
be conducted under very advantageous conditions. Ji. 
indicates one direction in which industrial activity an^ 
commercial prosperity may be successfully pushed. 




THE TEXTILE MANUFACTURES AND THE 
COSTUMES OF THE PEOPLE OF INDLA. 

(EitraptH from Notices of a Work by J. Fobebb Watbok, M.A., M.D.. 
F.H.A.S., &c.. Reporter on the Products of India to the Socretan' 
of State for India in Council. Printed for the India Office, ISSfl.') 
From the Zondoa Tiiuet, Januarj-, 1887. 

On no point, perhaps in regaid to Ind d has greater 
ignorance prevailed m E dand thin n respect to the 
t'lothing of her vast popu 
lution. "We have heard 
and read of rich s Iken 
robes, and of gorgeous 
cloths of gold and & I er 
tissue ; and many ot a 
may have aeon and felt 
portions of that del cate 
filmy Dacca muslin which 
formed the envied dress 
of the belle of sixty y ears 
ago, or the final cravat 
which was tied so elabo- 
rately over the pad which 
encircled the neck of our 
greatgrandfather. When 
the East India Company 
traded to India, they im- 
ported some species of manulactures ( 
their " factories," and sold them m limited quanti- 
ties. They were rarities and luxuries, and, generally. 
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very expensive. England then received " bandana 
handkerchiefs, calicoes, and some chintzes. Among 
some of the treasured hoai'da of ancient ladies may be 
i-emembered quilts called " pallempores," which were 
spread over bods in summer time ; as, also, among 
gentlemen, were those real Indian "bandanas." But 
these did not represent India7i manufactures, and wera 

foods made up especially for the English market by 
ndian weavers. The ^ntlcmen of India did not iib« 
bandanas, and even the calicoes sent to England were of 
a stouter and thicker texture than those used by the 
people of the country, and were also woven to suit 
English requirements. As to gold and silver cloths! 
and tisanes, brocades, the richer descriptions of silkt, 
and the muslin fabrics in ordinary wear, they were not 
needed in England ; few beyond those who had seen 
them in India knew of them at all, or cared to know 
how they were woven or how used, or attempted to in- 
vestigate the native arts of spinning, weaving, and dy&« 
iug — the manipulation, in fact, of products which could 
not bo imitated Specimens of each fabric, par- 
ticulars of which are detailed and printed with each, 
are bound up in 18 volumes of folio size, and of them- 
selves form valuable museums of practical reference. 
We have had an opportunity of examining these 
volumes, and found them, not only complete in every 
respect, but forming a collection of most beautiful and 

interesting samples of native manufactures There 

are 700 of these samples, all cut to the size of the folio 
page, showing not only the texture, but the patterns of' 
centres of fabrics, with their ends and borders of silk, 
cotton, or gold thread. The number of threads in the 
warp and woof have been counted and are detailed, and 
the length and breadth of each article, scarf, waistcloth, 
piece, or whatever it may be, whether to be worn as a 
garment, or part of a eostiune, or cut into a tunic, a 
bodice, or any other portion of male or female apparel. 
.... The range extends from the coarsest and lowest 



priced cotton materials up to the richeBt and most ela- 
borate Bpecimens of gold and silver brocades, silks, 
satins, and muslins, plain, or iigured with silver or gold 
thread. 



From tho MamheElir Examiner, September, 1866. 

By direction of the Secretary of State in Council for 
Tndia a very large, and no lees valuable, collection of 
samples of native textile manufactures has just been 
forwarded as a present to the Manchester Chamber of 
Commerce. Some idea of the copiousness of this collec- 
tion can be fonued when it is stated that it fills about 
eighteen volumes of two feet in length by one and a-ha]f 
feet in breadth, and a thickness in proportion. These 
samples, which number upwards of 1,000, have been 
prepared at the India Museum, under the supervision 
of Dr. Forbes Watson, who has been engaged for some 
time past in reporting for the Government on the pro- 
ductsof India. The specimens are in cotton, silk, satin, 
and woollen, and the patterns are so classified as to re- 
present nearly all the uses, from turhans to gauze pan- 
taloons, which such textiles may he required to serve. 
The first volume ia entirely occupied with turban pat- 
terns. These are of all qualities, &om the common 
bleached cotton from the handloom of Bhurtpore to the 
finest texture from Cashmere, Samples in use among the 
higher classes in Sinde are given in great varietj'. One 
of the richest of these measures 23^ yards in length, hy 

13 inches in width, and weighs only 1 lb. 2 oz 

Turbans in dyed cotton are equally well represented. 
There is one of remarkable richness, with two gold stripes 
down the centre of the principal end (extending about 
four yards). The weight of this with the necessary pad- 
ding would be 3 lbs. It was manufactured at Oodipoor, 
in Rajpootana. In other samples of equal richness the 
colours are laid on with a stamp, and though padding 
has to be used in making them up, the weight, all f.nld. 
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IB less than 7 oz. The cOBtlieet specimeii of all is &om 
Madras. In this sample the material, iFhich is a mix- 
ture oi' sillc and cotton, is fringed with gold thread. 
Others have deep gold horders, and are valued in some 
cases as high as £4. The assortments for men's gar- 
ments are very numerous. In most of these samples 
the two pieces arc woven as usual in one length, with 
u " fag " between, to permit of their being readily sepa- 
rated. The longer portion is worn round the body, and 
the shorter one over the shoulders. The length of the 
lunger is from 4 to 6 yards, that of the shorter from 2^ 
to 4 yards, the average width being about 1^ yard, and 
the price according to material. Cotton of fine light 
texture, and of the aboTe dimensions, is set down at 
£1 10a. the garment ; and, if common texture, the price 
is from 3a. upwards. Samples of cotton worn by the 
Lubbuys, an industrious class of fishermen and Maho- 
metan "merchants" on the Madras coast, are shown 
from 2a. Zjrf. to about IQs. ; unbleached ditto, from 
la. 3d. ; boys' ditto, length 1 yd. 3 in., width 19 in., 
and weight 2 oz., appears to be so low that it is not 
priced at all. Vol. 111. ia chiefly composed of scarf pat- 
terns. Some of these are exceedingly hright in colour, 
being woven in half- widths, with a border on one side ; 
two of these are afterwards sewn together so as to form 
B complete scaif, with a border on each side. The 
highest- priced sample is one which costs nearly £8. 
Some are in silk, others in silk and cotton, others 
(cotton) with silk borders and ends, and they show an 
endleRS variety in colours and quality. There are also 
samples of the "dhotee," a kind of scarf worn round the 
loins. The volume ends with samples of cotton kess, a 
coarse material used by the natives as a covering for 
themselyes as well as for horses. The length of one of 
these samples is 3 yards 12 inches, width 46 in., weight 
2 lbs. 2i oz., and price 3s. 6d. Fabrics for domestic use 
include samples of cotton palempore, or bed-cover, from 
Bengal ; these vary in price from 2«. Gd. to Qa., and 
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show great ingeimity of workmanship. Amon g tlie pietie 

goods are samples of cotton print known as chintz 

There are samples of the tent, railway, or sleeping rug. 
These are from Upper Assam, and weigh from 6 lbs. to 
7 lbs. The Sepoy "regulation rug," of which also there 
are many specimens, appears as if it would wear for a 
century. Some of these are from Madras and others 
from Bengal. The "regulation" price is 2s. The pieces 
for women's clothing show a dazzling variety of colour. 
Crimson, puce, green, and pink are blended in true 
barbaric splendour. Some of the finest muslins for 
ecarfs weigh only 6 oz. for 10 yards in length, and 1 ft. 
4 in. in width. The price of these is from £1 upwards. 
The chief place of their manufacture is Madras. The 
silt tartans from Tanjore form also a conspicuous collec- 
tion. The kincobs, mushroos, and silk brocades appear 
to carry decorative manufacture almost to its height. 
The kincobs, which are of satin, and used for ladies' 
petticoats, are adorned with gold flowers. These wares 
are principally from Triehinopoly, and cost from £3 to 
£5. The brocades, with flowers of white silk, are from 
the Deccan, though bought in Madras. The mushroos 
haye a silk surface, with a cotton back, and also bear 
loom- embroidered flowers. These latter samples cost 
about £3 for 5 yards in length by 30 in. in width, the 
weight being about IJ lb. Moat costly samples are 
massively flowered in gold, with silk stripes ; and others, 
yet costlier, from Hyderabad, show a marvellously strik- 
ing arrangement of colours, in wavy stripes of rich yellow 
and gold with pink and white. The silk for trouserings 
is of the thinnest and lightest texture. Nine yards of 
it weigh scarcely so many ounces. Textiles of similar 
fineness are shown in gauze. 



COTTON SPINNING FACTORY. 

MANUFACTURING PBOCESSES. 

(1.) Cotton Oper^T. — At one end of thia macHne 
cotton is spread upon an apron made of a series of thin 
narrow wooden bars fixed at their ends to two strips of 
leather. The cotton ia conveyed to a pair of fluted 
rollers, and then to a series of revolving cylinders 




I 



furnished with rows of teeth, making more than a 
thousand revolutions per minute ; the teeth seize the 
cotton and draw the locks apart. The duet falls within 
the casing, and is carried by a self-acting fan to the 
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dust-room outside the miU, The cotton, after being 
opened and cleaned, falls out at the other end of the 
mn r liin p, 

(2.) Scutching and Lapping Machine. — In this there 
is Bn arrangement for feeding a regular supply of cotton, 
which passes to the feed rollers, then to a set of toothed 
cylinders, then to a second and third aet, revolving at a 
higher rate than the first, by which the fleece of cotton 
becomes reduced to one-third the thieknesB as first 
supplied to the machine. The next operation in the 
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same machine is to form the fleece into a roll or lap. 
By passing it to four calender rollers, the fleece receives 
three compressions, and is formed into a kind of felt, 
which winds itself upon an iron rod ; this rod is removed 
when fuU, and is replaced by another. 

(3.) Carding Engine. — The cotton laps are placed at 
the back of this machine, where the fibres are combed 
and straightened, and certain very slight impurities 
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removed which otherwise would give Toughness to the 
yarn. The carding engine combines self-stripping dirt- 
rollers, a main cylinder, with other rollers and clearers, 
the surface of which is covered with fine wire brush 
cloth. As these rollers and cylinders rotate in opposite 
directions, the cotton is seized by both sets of teeth, one 





puUing one way, and the other the other. The fleece 
of downy cotton, which is now transparent, is detached 
by a blade, then contracted within a funnel, jmssed 
through rollers, and received in the form of a riband 
in a revolving can. 

(4.) Dramng FhiTrte. — In this frame six or more ends 
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cotton sKvers or ribands from the card-cans are 
passed through fourpairs of rollers, revolving at different 
speeds, the speed of the front and that of tlie back pairs 
being as one to six. The result is that the slivers are 
drawn out to six times the original length, forming a 
single web, which is passed to and deposited in a revolv- 




a can. The centres of the rollers in this frame 
are adjusted to suit the length of staple of the cotton 
fibres. The cotton as it leaves the drawing frame is in 
the form of a loose, porous cord, the fibres of which are 
parallel. 

(.5) Sluhbiiig Frame. — By passing through the rollers 
in this frame, the loose porous cord is further increased 
in length fivefold. In front of the machine are spindles 
in a double row. The spindle is a round steel rod with 
two arms or flyers, which fit to the top. Upon these 
spindles hollow tubes of wood, called bobbins, are 
placed. The two revolve at different rates. The cotton, 
as delivered from the roUers, is partially spun or twisted 
by the revolution of the spindles ; it passes through the 
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dIIow legs of the flyers, and is wound upon the bobbins 
or wooden tubes. 

(6.) Intermediate Frame. — The bobbins from the elub- 
bing frame are taken to the back of the intermediate 
frame. Two ends from two bobbins are then doubled 
by passing through another series of rollers, and join- 
ing, drawing, twisting, and winding them upon smaller 

pbbina. The intermediate frame operates in the same 




manner as the slubbing frame. In mills where the 
yam is not intended to he made of a superior quality, 
it is sometimes dispenRed with ; but in spinning throstle 
yam, the intermediate frame is essential. 

(7.) Homing Frame. — The bobbins from the last frame 
are brought to this machine, where the cotton is passed 
through rollers, twisted, and finally wound upon still 
smaller bobbins. To ensure a. regular winding upon 
the bobbin, a preaser ia attached to the lower end of 
one of the flyer legs, and it is through a hole in the 
outer end of this preaaer that the roving paaaes in 
being wound upon the bobbin. The duty of the hands 
who attend these frames conaiets in joining any sliver 
that may break, removing the full bobbins, reiplocing 
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£e Bpindle, past the eydet of the flyer, and the yam is 
distributed equally upon it on winding. The yarn 
made on this machine is called throstle yam, or water" 
twist, which, being twisted hard, is used generally for 
warp. The throstle is used for " 30's " and downwards 
^Bometimes for "40's," but not for a higher or finer 
number. 

(9.) Self-acting Mule. — This machine operates at the 
same stage as the throstle, but producing a different 




kind of yam. It consists of two principal parte. One 
is stationary, containing the rovinga, the rollers for the 
elongation of the yam, and wheel-work for governing 
the general movements. The other part consists of a 
carriage upon an iron rail, which holds the spindles, and 
traverses about five feet backwards and forwards. The 
yam uncoils itself from the spindle down in a conical 
form called a " cop." Every movement in this ma- 
(^□e is automatic. Tlie mule is applicable for spinning 
principally weft, and also what is called " mock water," 
I :iiid any number could be spun. 
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(10.) lieels. — When yam is not required for weaving, 
in the factory, but intended for sale, then it is reeled 
on these machines either from the throstle bobbins or 
mule cops, and wound off into meaaurod lengths of 840 
yards each, called Itanks. The reel itself is six-sided, a 
yard and a half in circumference, on which the yam 
winds ; when it has completed eighty turns a check is 




struck, showing that & rap of 120 yards has been 
formed. Seven of these make a hank of 840 yards. 
The girl who minds this simple machine ties the hanks 
round, slips them off, and proceeds to wind another set. 
(11.) iiundling. — Tarn is sold in hanks, each con- 
taining a length of 840 yards. However fine the yam 
may be, the same length is made to the hank, so that 
the quality or fineness is indicated by the number of 
hnuks which make a pound in weight. Number 20 
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miier twisi means & coarse yam of twenty hanks to 
the pound. Throstle yam, as just mentioned, is called 
water twist, and is used for nxLTf} or longitudinal threads 
of cloth ; whereas mule yarn is used for weft or cross 
threads. In the bundling press a bundle of t«n 
pounds is formed. Thirty of these, pressed in an hy- 
draulic press, forai a bale of 300 pounds for the Bombay 
market ; for other parts of T udia and for China fifty 
bundles of tenpount^ each are made iutti a bale. 




COTTON WEAVING FACTORY. 




MAM'FACT.*i;itlKn PROCESSES. 

(1.) Winding Machine. — Wlien tlie yam is not in- 
tended for sale, but is made for weaving into cloth iir 
the same factory, then the warp yam ia brought to the 
winding machine, where the threads are unwound, audi 
passed through minute alits, sufficiently wide to admit 
the thread so long as it is of proper thickness, but in- 
tercepting the thick parts. The threads are also passed, 
through brushes, which clear them of dirt. Then ths 
yam is laid on hobbin.s, and there ia an arrangement by* 
which the bobbins can be filled up in any form. 
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(2.) Warping Machine. — This ia used for tlie pur- 
pose of winding the yam or thread from bobbina on to 
beams, and to lay the threads alongside of each other 
in one parallel hue. It has an arrangement by which 
undue tension ia avoided, and breakages thereby ob- 
viated ; but if a thread breaks, it is easily discovered 
and reunited. One of the oldest methoda still practised 




in India and China is to draw out the threads in the 
open fields. It ia a very primitive prfjcess, no doubt, 
and is not at all countenanced in Europe now-a-days. 

(3.) Sizing Machine. — As the threads in weaving are 
subject to considerable friction, it ia necessary to give 
them a dressing of size or paste, which is done in this 
machine. The threads from six beams are all run 
together into boiling size, and passed between squeezing 
nulsrs, which press the size into the thread and 
strengthen it conaiderahly. Then the yarn is dried by 
paBsing it over drying cylinders made of copper or sheet 
iron, and heated by steam-pipes. The yaru is finally 
wound uniformly on weaver's beams, and as the roll 
Biikrgea, the drag on the yam is equalised. 
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(4.) Looms. — The bpam of Tvarp yam ia placed on the 
loom for weaving cloth, and each thread ia passed 
through the teeth of an instrument called the reed, 
which is set in a movable swmg-frame. One set of 




threads is raised and the other depressed, so as 
make an opening or ah.ed from one side of the warp 
to the other. In this opening a boat-shaped piece 
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of wood, <'alled a shuttle, containing in its hollow the 
weft yoni, runs freely to and fro. The waft passes out 
from a hole as the shuttle moves along (more than 180 




times a minute), and the woft thread is driven in. 
Each cast of the shuttle adds to the woven fabric by the 
breadth of a thread. As the weaving proceeds, the 
finished cloth winds itself upon a cloth beam. 
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(5.) Foldim MacMms, or Plaiting and Meaauring 
Machines, dnven by steam power, measure the cloth 
and lay it in folds after it comes from the loom, with 
•Jie greatest regularity and precision, and effect a saving 
BS compared with the old hooking system. The hy- 
draulic press is used for pressing the cloth and making 
up into bales, the sizes of which vary according to the 
requirements of different countries. 




COTTON MANUFACTURES. 



ESTIMATE FOR A COTTON SPINNING FACTORY OP 
10,0*0 SPIKBLES. 

Machitcry at thovm o» Pujc B. 

3 Opening mathiiioB, with 1 and 3 pylindeK aod fans. 

1 Bcutuhur nnd lap machine 2oO 

li Patunt autoumtio cording ongines, 10 inches od the 
irire, with cylindto' stnupiod; appai^tus and patent 
daffer comb, 7 rollers, 6 clear^«. coiler and can motioa. 
(If the (Mirda mt) ordiimry, more than 20 will be required.) 980 

3 Dmwinu-li'aiiLeii — 1 of 3 heada aiid 4 deliveries, and 2 of 
S hoada and'O delivorioa each ; 4 tovm of raliera, coilera, 
and ntoii motidM 370 

3 Patvnl Bluhbing- frames, 46 spindles each, for bohbiiu 

10 X r> 310 

Intermediate frames — 2 of 46, and 4 of 64 spindlee each, 

bohbiua to X 6 imd 10 X 4} 706 

8 Roving-lrajiuiH, 104 spindlea each, bobbins 7X3}. . 998 
12 Self-aetiiig niiUes, 672 spindles each, with dauble-boas 

rollers, iSckshafts, drii-iiig apparatUB, complete . 1,7M 

10 Throstles, SOO spindles each, top and under clearers, 

complete 7GS 

4 Throatle and 16 mole reels, 3 bundling prewes, and 1 

hydraulio press. (Packing and free delivery included.) 790 

1 Fair of horizontal compound steam-engines, high-preGBure 

cylinder 18J in., low-pressure cylinder 3D in. diameter, 
stroke 6 feel, with steam Jackets, fitted with apparatus 
for cutting-off steam at different portions of the stroke, 
with air-pump, condenser, plates for bottom of engine- 
foundation, and with several improvomonts not to bo 
found in ordinary engines. fWithout improvementB the 

coat will be alwut £300 less.) I,SD( 

3 Wrought-iron boilers, 2fi feet long, 6 feet diameter, made 
of the be-at Staffordsbins plates, complete, with ateam- 

Sipes and safety-valves, water and steam gauges, with 
uplicate articles 80( 

Green's oconomiser, 96 pipes, with scrapers and spare pipes 34( 

Carried forwwd . . . 9,6B3 
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Brought forward . . . 9,fiB2 
Hoop-lieamB for angine-hoiiBe, lland-raila, omttmental pilliira 
for ctanka, brass injeetots, valvea and pipea for coooeo- 
tion with weUa and reserroira outeido, &c. . . 160 

ill-gearing, consiHtdng of wheels bored, tnmed, grooved, 
and fitted, with 3D0 feet of shafting in sevenl lengths 
at per plan, IIS self-luhrioitin^ pedeatats, wall-boxes, 
brackets, fluted columns, axle driiniH, pulleys, heavy 
girders for blowing -room, cotton ateiun-hoist, iron 
staircase, iron aliding-duocB, doora for entrances and 
warehonae, and oil ncceasiuydnplicate aiticles, including 

packing and delivery 1,600 

Dols for mechanics' Hhops, induding a lathe, bod 13 feet, 
driUing-machine, Bet of drills, set of taps and diefl, driv- 
ing fnclile, &r., including packing 175 

rromnongery, including wrap-reel, scales, roller-covering 
appaFBtiifl, roller- ending machine, ^Korted Blea, hammora, 

i' vices, chisels, pliers, bellows, emery-cloth, Biurit^levels, 

^^^ fillet tacks. &c 200 

^^^ffeapping for driving all machinery, laces, roller-skins for 
^^^K covering rollers, roHor and elearor cloth, &o. . 460 

^^^^^id-clothing, for main cylinder, doffer, take-in rolleia, 

^^^B^ strippers, and clearers 14S 

^^^Bobb^ for sluhbing, intermediate, roving, and throsUea ; 
^^^K creeUp^s, &e., piiinteil and vamishBd, and made out of 
^^HK solid timber wcU wiasoncd, inclnding 25 per cent, extra 330 
^^^ES&work — including 2 oil dstijrns of 200 gallons, with taps, 
^^^ drainers, indicator ; cans for ahafts, caids, and other 

machinery 98 

PirebrickH for boilera, if required 100 

MisceUaneoua articles, including grinding-machine for cards, 

card and other brushes, banding for throstles, felt, &c. . 222 

£12,955 
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XacAinny tu ihetun on Flan C. 

'I Winding mschiitos, 200 Bpindlea each, arranged to wind either 
from mulo cops or throetle "bohbina, completo 

3 Warping roachices, tor 600 bobbins eath, with indicators, crue! 

jiogB, stopping, reversing, and measuring inotionB, Sue. 

Sinng machine, with copper rollers, creel with 6 beams, copper 

<lrying-cjlinderB, size box, condensing boxea, expanding 

and contracting lathe, &c 

100 Iiooms to weave tuiiooea, shirtings, printing cloths, &c, 40 
inches wide in the "re«d apace," with self-actii^ fluted 
roller templva, woft-Eitopping motion, positive taking^-up 
motion, break, complete with all improvements, either fast 
or loose reed 

I DO Looms, 35 inches rood spac^e, in every other respect eiinilar 
to the above 

I Folding machine, 1 cloth preus, 4 looining-&amDS, 2 drawing- 
in-names, 1 patent heuld knitting mauhine 

All extras and accessories, including yam beams and flanges, 
boxwood shuttles, weft eans, dressers, flannel, bobbins, 
tombs, sets of healdft. Sec, with packing and freo deHvory 



NoTB. — If the looms arc not driven by the engine shown on Plan B, 
ft 16 horac-power engine will be required, which, with boiler, shafting, 
&o., will cost about £t,000. 
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SUMMARY OF ESTIMATE FOR COTTON SPINNING 



FACTORY. 

Cotton spinning machinery . 

Steam-engines, boilers, gearing, &c 

Tools for mechanics' shop 

Ironmongery 

Strapping 

Card-clothing 

Bobbins 

Tin-work 

Firebricks 

Miscellaneous 



£ 

6,942 
4,290 
176 
200 
460 
148 
330 
98 
100 
222 



£12,966 
(See ^ Remarks on Cotton Spinning and Weaving Factories.") 



SUMMARY OF ESTIMATE FOR COTTON WEAVING 

FACTORY. 

£ 

Cop-winding machines 136 

Warping machines 60 

Sizing machine 170 

Looms 1,860 

Folding machine, &c 129 

Extras and accessories 640 

Packing and delivery 288 

£3,172 
(See ** Remarks on Cotton Spinning and Weaving Factories.") 
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DIMENSIONS OF COTTON FACTOEIES. 

Plan D, 

or B and C plans, of spinning and weaving combined as one {^lan, 
containing 2,000 throstle and 8,064 mule spindles, and 200 looms. 

Scale : 50 feet = 1 inch. 



Jiength, 
feet. 


Breadth, 
feet. 


Pqnare 
feet. 


Hei^it, 
feet. 


Cabio 
feet. 


125 


35 


4,375 


20 


• 

87,500 


165 


65 


10,725 


12 


128,700 


165 


65 


10,725 


12 


128,700 


125 


35 


4,375 


10 


43,750 


105 

105 

40 

32 


42 
42 
32 
20 


4,410 

4,410 

1,280 

640 


10 
10 
10 
14 


44,100 

44,100 

12,600 

8,960 


nd cubic feet 


40,940 




498,410 



Front wing, for blowing- 
room, engine-house, 2 en- 
trances, mechanics' shop, 
with upper story . . . 

Side wing, for preparation ) 
machinery arid tlm)8tles . ( 

Side wing, for self-acting ) 
mules ) 

Intermediate wing, for pre- 
paration machinery for 
weaving .... 

Wing for 100 looms . 

Wing for 100 looms . 

Boilers and cconomiser 

Warehouse .... 



Plan E, 

containing 4,752 throstle and 5,184 mule spindles, and 150 looms. 

Scale : 40 feet = 1 inch. 

• 

Total length, 272 feet, 
breadth, 148 „ 
height, 12 „ 
square feet, 40,256. 
cubic feet, 483,072. 
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(See Note on Cotton Factory Plans, p. 65.) 



B 




U 

I floor 



oofut 



l^jrtcent Brooke. Uth-ZondorL 



^H 83 COTTON MANtfFACTUKKS. 

^^r square foot, more or leas according to the price of 
H^ building materials and wages at the place where it 
^1 may be intended to build the fae'ory, and of which 

H given of the plane of factories. For the spinning 
H factory, including dead stock, &.C., a capital of £30,000, 
H and if it be intended to add :^00 looms at the same 
H time, a capital of £40,000, will suffice for all ordinary 
^M purposes. 

^m Profits. — The first mill that commenced working in 
H Bombay was that of "The Bombay Spinning and 
H Weaving Company," with a capital of 500,000 rupees, 
H dividedinto shares of 2,000 rupees each. The following 
H is the official memorandum of profits derived by that 
H Company, the manager of which, a Parsee gentleman, 
^P receives a clear commission of 5 per cent, on the 
H proceeds of yarn sold ; a due reward in this case, as he 
^P was the first to introduce cotton spinning into Bombay 
^ witn improved machinery ; and which good example 
has been followed, though slowly, but on the whole 
■#ith success, by the establishment of a dozen com* 
^m panies for cotton spinning and weaving. 

■ DIVIDENDS PAID BY THE BOilBAT SPINNING AND 

H WEAVING COMPANY. 




When paid. Dividend. 


opii.]. 


^Z'SS.t. 


BemBTb. 




Deo., 1B58 Firet 
June, 1869 Second 
Dec., isaa 1 Third 
Dec., 1863 Fourth 
Juiie,1864l Fifth 
Jime,186fi 8i«h 


E8. 

50U,000 
660"000 


Es. 
600 
iOO 
600 

700 
400 


Commoneed work- 
ing Felimary, 1858. 

From 6 BO received 
back Rfl-SOO to in- 
crease the ca^utal. 


V 


JomhBf, 17th Apiil, 1866. 





SPINNING AND WEAVING FACTOUIES. 

Another establialiraent, which was organiaed in the 
year 1861, and called "The Bombay United Spinning 
and Weaving Company," with a capital of 900,000 
rupees, haa declared dividends as follows : — 

10 per rpnt., first dividend for tbo half ytior ending June, 1803. 

2o pcrccut.,He<;oiid dividend fur the half vear ending December, 1863. 

12 per cent., third dividend for the half year ending Juno, 186*. 

12 per cent., fourth dividend furthehsJfyo&r ending- December, IBM. 

No dividend for the year ISS6, 

12 per cent, for the year ending 1866. 

"The Bombay Alliance Spinning Company," during 
the six months ending 1866, made a profit of £16,491 
on their paid-up capital of £125,000. 

Regarding Bombay cotton mills, at a meeting of 
the Directors of the Manchester Chamber of Commerce, 
held in April, 1867, one of the directors, Mr. Cassela, 
read a letter from his firm, aa follows : — 

'•Bombay, March, 1867. 

"The longcloths, T cloths, and domestics produced 
hy these concerns have been gaining in favour with 
consumers in all districts where they have been selling 
during the last two or three years, and are now pre- 
ferred to Lancashire makes of the same class, mainly 
because the foi-mer, although a rougher, is an honest 
article, and wears better than the latter. Experience 
has taught the natives that, owing to the extent the 
majority of your manufacturers have been adulterating 
their cloth with size of late years, Lancashire cloth 
deteriorates very much in the first waahing. Of the 
total quantity of these goods sold in the Bazaar, from 
50 to 7o per cent, are of local make. All the Bombay 
mills are working full time ; and, as they can sell their 
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BLEACHING AND FINISHING WORKS. 




^^^Bleachi^c is the pro es^ b) wh ch the mpurities 
' and colouring matters in grey goods, cotton, silk, 

or other textile fabrics, are removed, and the cloth 
rendered nearly or quite white. In India it has 
been practised from ancient timea, as well as in Egypt 
and other countries, where lime, ashes of plants, or 

I potash and other substances, are used for bleaching. 

_ ^t one time woven goods made in England were sent 
1^ Holland to be bleached ; where, after some prepara- 



tory processes of boiling and washing, the goods wore 
spread oat on the grassy fields, and exposed to the 
action of air, light, and moisture, for several weeks. 
In India the process was, and is up to the present 
time, Tery laborious and tedious. In Europe several 
■"■ttempts have been made to find out substances by 
I'hich bleaching coidd .be done well, and in a short 

In 1785 it was discovered that a gas oontaiaed in 
common salt, called chlorine, possesses the property of 
destroying vegetable colours. This was a triumph ; as 
by the application of this gas in bleaching, the work 
of several hands is reduced to a few ; what required 
. weeks is now performed in a single day, or a few hours, 
and consequently done at a mere fraction of the former 
expense. But chlorine gas, being poiaonouB, had an 
injurious effect upon the workpeople. A convenient 
method was soon, however, discovered of applying the 
gas in combination with lime, forming what is known 
by the name of bleaching pcfoder, or chloride of lime. 
A solution of this is made in water ; the gas, being 
chemically combined with lime, remains in combination, 
and does not escape into the air : while, on the other 
hand, the combination of the gas with lime does not 
prevent it from operating upon goods. It is now ex- 
tensively employed for bleaching, and in conjunction 
with improved machinery for boding and drj'ing the 
goods, the whole process of bleaching is performed 
with the greatest ease and speed; thus entii-ely doing 
away with the necessity for large plots of ground or 
Is, and for the great amount of labour required 
by the old and primitive process. 

There are several circumstances which interfere with 



the whiteness of cotton and other goods. In spinning 
and weaving, the goods acquire certain impurities from 
the perspiration and dirt from the hands of the work- 
people. The fibres of cotton contain also a colouring 
matter naturally adhering to it, which givea to it the 
peculiar grey colour, but which seems ia have no in- 
fluence in giving strength to tho fibres ; for the cloth 
is found as strong after the discharge of the colouring 
matter as before. The fibres are also covered with a 
resinous substance which prevents them from rea^lily 
absorbing water. There is also the size or starch used 
in the threads before weaving. These and other im- 
purities in the grey cloth are removed by the several 
processes in bleaching, now practised with success in 
most European countries. 

In Great Britain there are hundreds of calenderers, 
whose business consists in fuiishing the goods after 
bleaching, and making the surface of the cloth com- 
pact, level, uniform, and glossy. This is cheaply and 
very expeditiously done by passing the cloth between 
heavy rollers, in machines worked by steam. In 
India, down to the present time, a glossy appearance 
is given to tho cloth by rubbing over the surface with 
a shell by baud, as hard as the force of the wrist can 
bear. It is a most costly and laborious process, and 
not fit to be practised even in a half- civilised country. 
Asia is still following the old process. The wisdom 
and philosophy of its people consist in doing exactly 
what their wise forefathers did before them centuries 
ago ! But it is neither wisdom nor philosophy ; it is 
downright folly. 




PRACTirAL PROCESSES, 

(1.) Singeing. — The object is to remove the fibroimJ 
dowTi or uap i'rom the surface of the cloth, otherwiael 
it will injure its appearance when finished. To facilitates 
subsequent operations, the pieces of cloth are firska 
fastened together at the ends by a stitching machine 1 
then wound iipon a roll, and passed over a red-ho^^ 
plate of copper in the sinking machine, at such t 
velocity that it singes or bums oft' the loose fibra 
but without injuring the cloth. Some goods are singed ] 
on one, and some on both sidca. 
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, ) Boiling in Keir. — To rpmove the grease the 
goods ore boded with lime, or other alkaline substances, 
in s keir or boiler, heated by means of steam pipes. 

Jl has contrivances to regulate the quantity of liquor ; 

to spread it over the cloth : to ensure that the cloth 




8 not rise bo high over the solution as to endangci' 

its workiug; and, if such were to happen, to check 

the steam at once. The quantity of lime employed is 

^^ixious, but the usual allowance is three per cent, of 

^HkjB weight of cloth. The action ol' the lime makes 

^^Hb goods look darker in colour than before. 

^Br (<}.) Washing. — The machine for this process has a 

trough for water, and two wooden squeezing rolls. The 

cloth passes round the roller in water, and is then 

squeezed by the rolls, which make 100 revolutions per 
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mmute. In the machine there are pegs to guide and 
to regulate the tension of the cloth, weights and levers 
for giving the desired pressure, water taps, &c. The 




machine is capable of washing about 800 pieces of 
cloth, and requires 400 gallons of wator per minute 
PomiBrly dasih-wheela were used tor washing, but are 
now almost entirel\ given up 

(4) Chanic and Scouring Machine — ^This is Bimilar 
in most respects to the washing machine, the only 
difference being that the rolls are smaller It is called 
chemic on account of some icid being used in solution 
with water for washmg The acid sets free chlorine 



BLEACHING 



ea« from the chloride of lime, and removes the colour 
trom the cloth. If it is not Bufficiently white, the 
operations of washing are repeated more or less till the 




proper whiteness is ohtained. After scouring or washing 
with acid, the cloth must he again washed as before. 

To give an idea of the vast capabilities of some washing 
maehines, ihe following fact, mentioned by on eminent 
firm, has been cited : that their machine " will wash 
12,000 yards per hour for all bleaehing purposes, and 
6,000 yards for all kinds of dyeing pui'poses, and only 




^H of cht-micals are used, but by improved machinery tlie 

^H cloth in passed from one process to the other ao rapidly 

^H that it has no injurious effect on the ctoth. According 

^1 to the class of ^oods to be bleached, the process ^ 

^H bleaching varies m details. 

^H (Q.) Dryim. — The goods are dried on this machine. 

^H Tt hoH more than ten cylinders heated with steam. It 

^H is furnished with vacuum valves, an apparatus for 
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biding the cloth, &c. The cloth, when passed over 
Iroiii one cylinder to another, becomes quite dry, but 
not smooth. If the cloth is bleached for the purposes 
of printing, no further operation is required ; but il' 
intended to be sold as white goods it is starched and 
glazed, to improve it in appearance and finish. 





I 



(1.) Mangling or Fressing. — The bleached goods 1 
requiring to be finished are passed through mangles, ' 
conBisting of brass and cotton rolls alternately. The 
wrinkled cloth ia dragged through a cistern of water, 
and passed between, rollers forced together by levers to , 
wbicn considerable weight is attached, where it is 
mangled and pressed, and the surface flattened and 
equalised. It is next wound upon a roller to be starched, 
which is the next process. Starching is sometunes 
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carried to great excess to increase the bulk, and deceive 
lie purchaser as to the quality of the cloth. 

(2.) Starching and Drymxj. — The starching machiue 
contains a trough for holding starch. A roller which 
dips into the starch lays it regulai'Iy and evenly on the 
cloth, while other rollers press out the superfluous por- 
tion. Flour paste is the substance usually employed. 




^^■tad sometiines fine porcelain clav is mixed with it. In 
^^Bdme cases, the starch is mixed with blue, to heighten 
the effect. After this the cloth is dried by the drying 
machine, consisting of hollow copper cylinder, heated 
by steam, and is then stretched upon the stretching 
machine, 

(3.) Glazing or Calendering. — Many kinds of goods re- 
quire glazing, for which purpose the cloth is first dumped 
in a machine where a revolving brush throws water 
in a fine spray over it, after which the cloth is passed 
through a calender, consisting of rollers, on wnich. a 
very powerful pressure is brought to bear ; so that 
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the clotli becomes smooth and somewhat shining 
rollers lor calendering or glazmg are oi iron wood. 




piiper, &c., and require very nice workmanship in prt- 
pn ration. 

(4.) Making^ up. — The eloth after being glazed by 
' e calenders is folded info lengths and forma awonling 




1o the different kinds of goods, or the particular market 
for which they are designed. 




lNTI!0nr(TTON. 

The art of dyeing has been practised from the most 
ancient times in the Eaet ludiea, Persia, China, Egypt, 
and Syria. In India, the mode of dyeing Turkey red^ 
which is the most durable vegetable tint known, was 
first discovered. It was afterwards practised in other 
parts of Asia and Greece. In 1765 the French Govern- 
ment, convinced of its importance, published an account 
uf the process. In England it waa introduced in the 
eighteentli centary, when a Turkey red dye-work was 
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first established in Manckester. About the same time 
a FreDchman introduced it into Glasgow, at wbicb 
place the greater part of the Turkey red dyeing in Great 
Britain is still carried on. 

When indigo, the most useful and substantial of all 
dyes, 80 largely produced in Bengal, was first introdued 
into Europe, it met with great opposition. It was con- 
sidered a dangerous drug, and called _/(««/_/£»• the devil; 
and by an Act of Parliament, passed in the reign of 
Queen Elizabeth, was ordered to be destroyed in every 
dye-house wherever it could be found. The use of log- 
wood as a dye was also prohibited till the reign of 
Charles the Second. But the absurd prejudices against 
indigo and logwood soon gave way. By the discovery 
of the properties of the difiei'ent dye-drugs, and es- 
pecially by the knowledge of the modes in which the 
drugs combine with other substances, the art of dyeing 
has made very rapid progress ; so that the European 
(Iyer has it now in hia power to produce a variety of 
tints of great depth, duiability, and lustre. The recent 
application of chemistry has also shown that the dye- 
stuff formerly thrown away is available again to a great 
extent, by simply treating it with acids. But in India 
and other parts of Asia the art of dyeing is at a 
stand-still. The best means of extracting colouring 
principles, and the most effectual manner of applying 
them to cloth, as done in Europe, have not been yet 
introduced into a country where nature is so bountiful. 

The greater number of colouring matters employed 
in dyeing are derived from plants. They are soluble 
in water, — much more so in hot than in cold wat-er, — 
and readily attach themselves to the cloth to be dyed ; 
but in washing with water the colour easily separates. 



To unite the colour with the cloth another Bubstance, 
termed morela?it, is applied, which poaseases the property 
of forming an insoluble compound with the colouring 
matter, therehy firing the colour, which remains even 
after repeated waahinga in water, A mordant thus acts 
as a bond of union between the cloth to be dyed and the 
colouring matter. Common alum ia an example of a 
mordant, and is extensively employed in dye-works for 
that purpose. The dye which ia the product of combi- 
nation between the mordant and the colour is not always 
the natural colour of the drug, seeing that a great 
■variety of colours are capable of being produced by 
varving the kind of mordant. For example : if a piece 
of cloth be impregnated with alumina, and then passed 
through madder solution, it acquires rose tint. In the 
same dye, with a solution of iron as mordant, the cloth 
becomes dark brown or even black. With another 
mordant, the same infusion of madder yields a variety 
of tints between the most delicate pink and dark red. 

There are instances also where the dye drug in its 
natural colour ia fixed fast within the fibres of the 
dotb. Amongst this clasa of dyes is indigo. It is not 
eoluble in water, but by mixing it with lime, and de- 
priving it of part of its oxygen, it loses its colour, and 
becomes soluble in water. The cloth on being immersed 
in this solution, and afterwards exposed to air, im- 
bibes oxygen, the original colour is restored, and it 
becomes indigo-blue, forming a permanent dye on the 
cloth. 

Dyeing Cotton Yams. — In dyeing cotton yams, the 
yam is brought to the dye-liouse in bundles of ten 
pounds, and after banding, it is boiled in water until 
thoroughly wet, and each roll put upon a wooden roller. 
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If the colour to be dyed be dark — such as brown, black, 
purple, or deep blue, the yarn is now ready for the 
dyeing operation ; but if for light shades — sucli as pink, 
itc, the yarn ia bleached by boiling in bleaching solu- 
tion previous to being dyed. For blue no heat is 
required in the dyeing vats. Sis vata constitute a set. 
During the operations of dyeing there are certain. 
circumstances which have to be attended to in order to 
facilitate the processes. Thus with many colouring- 




substances heat is necessary, not only for making the 
solution, but also for its combination with the stuff 
mordant. Decoctions of wood are always made in hot 
liquor. Colours dyed by munjeet or madder must be 
done at a boiling heat during the whole process, or no 
dye is effected. 

The permanence of coloiu^ is another important 
matter. The term " fast colour " is generally given to 
colours that will resist all ordinary washings. Some 
I'ast colours are immediately affected by acids or alkaliee, 
hut Turkey red is not. 

In Twkeij red dyeing great excellence has been 
attained in Europe, shades being produced of great bril- 
liancy and lastneBS. The bleached yarn is first soaked 



in oilj then dipped in carbonate of soda, and exposed to 
llie action of air and steam in a hot room. The yarn ia 
passed next through a solution of nut-galls and a red 
mordant, successively, and is ready for dyeing, to effect 
which it is boiled for two or three hours in a, vessel 
with madder root or munject. Lastly, the brilliancy of 
the colour is completed by boiling in soap solution. 
Fictitious Turkey reds are abundant in the market, and 
though approaching the genuine colour very closely, 
iire unable to resist wear and washing. 

The wonderful progress which Turkey red dyeing has 
made with European appliances, and with the assistance 
of chemistry, as compared with the mode in which it 
was carried on for centuries in Asia, and still exten- 
sively practised, renders it impossible to deny that 
material advantages would result by introducing im- 
proved machinery for that purpose. The table of ship- 
ments of coloured yams and cloth from Great Britain 
will show clearly how extensive is the field for adopting 
improved m.ethod8 and improved machinery in Asia. 
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Some (lye-atuffs are yielded by nature in a state fit for 
immediate use, such as madder, logwood, sandalwood ; 
but indigo, litmus, &«., undergo a process of prepara- 
tion before being used for dyeing purposes. 

It was observed that some of the munjeet or madder 
grown near Avignon, in France, where it was introduced 
by a Mahomedan, from Persia (whose bronze statue, 
erected to perpetuate his memory, may be seen on the 
top of the hill from the Avignon railway station), was 
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3 inferior in its richness and brilliancy of colour. 
A chemical examination of the soil was made, and 
[he result showed that the soil was deficient in lime in 
comparison with some of the best madder farms. A 
dressing of lime waa given to the soil, and it was found 
that the crop of madder yielded was inferior to none. 
The value of the dye-stuff depends a good deal on the 
care bestowed on its cultivation. Owing to the judicious 
manner in which the Chinese safflower is cultivated 
aud collected, it contains far more of the fine red 
colouring matter ; it is consequently worth four or five 
times as much as the best Bengal safflower. A short 
account of the principal dye-atuffs wUl not be out of 
place here. 

Catechu ia the dried juice of the khair tree of Bom- 
bay and Bengal. Its application in some styles of 
dyeing and printing has been of the greatest service. 
It has allowed a scope of design and variety of colour- 
ing by using different mordants, which has done much 
to extend the use of printed goods. It is largely used 
to give various shades of brown and other lighter 
cdoura springing from it. Bengal catechu is in flattish 
round lumps of a light brown colour outside, but 
Bombay catechu, or Terra japonica, is in square masses. 
Ita colour ia reddish brown, and it breaks unevenly. 

Cochineal, employed for dyeing purposes, ia a female 
insect feeding on nopal trees, where it remains fixed 
upon the sap till killed in hot water. There is only 
(me male to about two hundred females. The season 
fbr rearing lasts seven months, during which the insects 
■re collected three times by being brushed from the 
plant. They are then spread out, dried, and packed 
Kff the market. Cochineal is one of the most expen- 
HTe dye drugs. It is easily soluble, and easily ex- 
tracted by boiling the insects. The colours which are 
derived are red, pink, scarlet, and crimson. 

Gall Nut is a valuable dyeing material. It is pro- 
duced originally by the puncture of a little insect on 
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the brandies of the tree to deposit its egg- The jnioA 
of thetree coHecta round the egg, and hardening, forms 
the gall not, which contains from 50 lo TO per eenL 
of tannic acid, valuable in dyeing black colour. Sunuu^, 
and logwood are used for the game purpose. i 

Indigo is an important dveing material, and is de- 
rived from plants. India produces nearly fonr-fifti* 
of all the indigo consumed in the civilised world. The 
best quality from Bengal fetches from three to foor 
times the price of the lowest quality. The method rf^ 
dyeing in this colour is very simple ; and all the style*. 
of work produced are cbeap and low class. It posae^es 
extraordinary etability, and therefore its chief con-j 
sumption is among the poor classes. It seldom enterS- 
into high class work. The finest qualities of indigo 
in Great Britain are obtained from Bengal. ThousanoiC 
of maunds are exported from Bengal every year, nuidft' 
in JesBore and Kishnagbaur. That made in Tyroot, 
Oude, and Benares, is inferior in quality lo Bengtd.. 
There are four qualities of Bengal indigo, which by 
passing over into one another produce a number of in-' 
termediate colours. The Madras indigo is more light 
and friable than Bengal. When cotton goods are tO' 
be dyed of a uniform blue, neither bleaching nor wash- 
ing 18 at all necessary. The size in the unbleached 
goods rather facilitate the dyeing process, in which a 
peculiar roller apparatus is employed. 

Lac-dye yields the same colours as cochineal, and is 
prepared in India from a resinous substance which- 
exudes from certain plants by the puncture of the insect^ 
and which is called stick-lac. The tinctorial principle 
of lac is made by evaporating the infusion to dryness, 
and forming the residue into cakes. It is imported into 
Great Britain in two forms, called lac-lake and lac- 
dye, which contain about 50 per cent, of colouring 
matter. 

Logmood. — The colouring principle is red, but it also 
forms a variety of shades between light purple and 
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black. The long pieces are rasped or cut by machinery 
in the dye-house into small fragments fit for extracting 
the colour. It is extensively used in black dye, as its 
cost ia less in England than that of galls, which give 
the beat srd firmest colours. 

Saffioner ia the flower of a plant growing in India 
and other warm climates. It contains two colouring 
matters, one worthless for dyeing, the other useful for 
a fine red colour. It is largely employed for dyeing 
cotton and silk. Safflower possesses the remarkable 
and exceptional property of fixing itself readily and 
firmly on cotton, without the intervention of a mordant. 

Myrohalsam is the fruit of a tree which grows in 
India, and is used in that country in dyeing, as a sub- 
stitute for galls and sumach, and also for the same 
Erpose in Europe. It is exported from Bombay in 
ge quantities. 

Maader, or munjeet, is sometimes known as Bombay 
roots, and grows in many parts of the world. It is 
most extensively used in dyeing and printing of cotton 
goods for the production of a permanent bright red 
ctdour. A form of madder containing more colouring 
matter than the natural root ia prepared, and called by 
the name of garancim. The chief colours obtained 
from madder, besides Turkey red, are madder purple, 
madder pink, purplish black, and various shades of 
brown. 
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ESTIMATES FOR BLEACH AND FENISHUfa 



Macfiineri/ far Bleach-h 



M thown im Plah F. 



I Singe stove, copper singe platoB, rullers, framuig, complete 

1 pair WTOUffht-iron. koirs, with cover, pipes, valves, complete. 
I traalung maj^hine, witli 2 rolls, complete. 2 poira of 
squeeaora, with rolla, complete. I diemic nrnohine, with, 
trough mllers, complete. Top gearing and winohes, for 
drawing from one nmchtiie t« the other 

1 I>i7Jng machine, with eteam cjlinders, pressure gusge, eafetj'- 
valves, taps, stands, troughs, complete .... 

6 Steam-engines, with govemar, valves, and gearing, complete, 
for driving all the above machinery ; boiler, pines, valves, 
and taps for bleach-hoiiae ; and packing and liree delivery on 



Maehinsry foi- Miishiiig Worlis, 
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2 Water mangrlea, 6 and 3 rolls, brass spreading'Killers, doable 
arrangement of levers, warming cylinder, complete . . 1 

2 Starching mangles, trass rolls, &c., complete. I patent stretch- 
ing machine, with butching apparatus, &a. 1 stretching 
machine. 1 damping machine ; 1 conroy, confplete . 

1 Finishing calender, with & rolls, with double batching w- 
rangements, complete 

7 Steam-engines, with governor, valves, and gouting, complete, 
fur driving the above machines 

1 Hydtaulic press, ram 10", with set of pumps, boiler, feed pump, 
blowing fitn, heating cylinder, &c. ; including packing and 
fi^e delivery on board a vessei 
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AND DIMEKSIONS. 



ESTIMATE FOE DYE HOUSE. 

XaeAinerj/ at thtniin on Plui F. 

£ 
3 Wettdog daterria, drawing rollera, GttingB, £c. 8 iron jiggers, 
witJi revereing roller^f complete. 6 indigo vitta. 3 oah 
vata, with, rollers, including ateam-engijies lor driving, com- 
plete 7S0 

1 Podding macluna, with 2 brass rolls, including steam-engiiie 

for imving, &c., complete 90 

2 Drying machines, witli steam cjlinders. 2 mangles, including 

2 steam-engines for driving, complete .... S32 
Basp for cutting d^e-wood, with eets of knives, complete. 6 mills 
for grinding mdigo ; grindstone, with irame, &c. 2 «t«am- 
engmes for driving, complete. Boiler for supplying steam, 
complete ', including pacMng and &ee delivery on board a 
Teasel B77 

£1,S49 



M ihetcn on Plan F. 
13 feet = 1 inch. 
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REMARKS ON BLEACH, FINISHING, AND 
DTE WORKS. 

MACHINERY AS SHOWN ON PLAN F. 

Plan F, for Blcacli, Finish, and Dye works, is so 
arranged that each of the three departmonta may be 
separated and made complete by itself if desired ; or 
the three departments, bo intimately connected with 
each other, may bo combined aa one whole, as shown 
on plan — forming complete works for bleaching, dye- 
ing, and finishing goods at the same place. This 
would be preferable. 

The bleach house is adapted to bleach more than tfco 
thousand fitie hundred pieces of twenty yards each per 
week. In bleaching, the length of the piece is of more 
importance than its weight, and it is by the length 
that the quantity that could be bleached is alwavs cal- 
culated, and not by its weight. 

The cost of bleaching in England, including profits 
of the bleacher, &c., is from eight to ten pence per 
piece of 38 yards, accoi-ding to finish and width of 
cloth. 

In the dye house, as shown on the same plan, one 
set of six indigo vats will dye fifteen pieces of fifty 
yards each per day, of the best genuine indigo blue ; 
or double that quantity of medium quality, topped with 
Prussian blue ; or ninety pieces of common topped blue, 
topped with logwood. In facy dyeing, two jiggers 
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will dye twenty pieces per hour of slate, drab, or lead 
colour ; or forty pieces of black, brown, &c. In fact, 
the quantity that can be dyed will depend on the 
quality and the style of colour. 

Dyeing in indigo blue and other colours is exten- 
sively practised in India ; and it will be seen from the 
tables that large quantities of coloured yam and cloth 
are shipped every year from Great Britain to India and 
China. There is ample room, therefore, for introducing 
improved machinery for dyeing purposes, ea the stuffs 
used for dyeing are produced in large quantities in 
ahnost all parts of Asia. 

The finishing room on Plan F, for starching and 
glazing the piece-goods, is so adapted as to iinish the 
goods that may be either dyed or bleached in the bleach 
or dye bouse shown on same plan. 

The cost of machinery for bleaching, dyeing, and 
Suishing, including pacltingand free delivery on board, 
will not be more than £7,000, exclusive of freight, cost 
of buildings, &c. The total cost of the worlts complete, 
irith reservoirs of water, will probably amount to about 
£17,500. 

Bleaching, as well as dyeing, is intimately connected 
with calico-printing, so farther remarks will be made 
under that head. 
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CALICO PRINTING. 




TRdlJtiC-lIOX. 



Calico Printing is the art of producing chintzes or 
other coloured patterns on cotton cloth, hy printing in 
oolours, or mordants, which hacoiue colours when suh- 
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sequently dyed. India is the birthplace of this 
which derives its name from Calicut, a seaport town on 
the Malabar coast, where formerly the art was carried 
on extensively ; and large quantities of printed cottons 
were exported to Europe from that place by the DutcH 
and East India Companies. But in England, at one 
time, a class of people were so jealous of Indian chintzea 
that an Act was passed by Parhament prohibiting the 
introduction of the beautiful prints of India ; this re- 
striction "prevented the British ladies from attiring in 
the becoming drapery of Hindostan." This Act waa 
intended to protect the EngKsh wool and silk manufac- 
turers from the competition of Indian goods. But the 
English became accustomed to the use of printed calicoes 
and chintzes ; and thus gradually a trade was estab- 
Ushed in England by printing on plain Indian calicoes, 
which were up to that time admitted under a duty. la 
1712 the printing business which was first introduced 
from India became rather extensive, so an excise duty 
of threepence per square yard was levied; but this 
duty retarded, and in many ways prevented, the pro- 
gress of the art in Great Britain ; so, after a short time, 
it was quilfi repealed. 

In India, for bandana handkerchiefs, the method 
practised from time immemorial is to bind firmly with 
thread all spots on the cloth to be protected from the 
dye, and to remain white, while the rest of the cloth ia 
subjected to dyeing operations. This most laborious 
process was improved in Europe in ISIl by employing 
a series of presses worked by steam, and bringing s 
strong pressure on an engraved metal plate, which con- 
tains holes, through which lemon juice or citric acid is 
made to pass, which dissolves the colour of the cloth I 
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mimediately. In tliia Bimple maimer, by connecting a 
series of preaaea, 1600 pieces of 12 yards each are con- 
verted into bandanas in the short space of ten hours 
by the lahour of four workmen only. Thus the Indian 
style has not only been copied, but far surpassed in 
cheapness, by the Europeans, with the aid of chemistry 
and machinery. 

The art of printing calicoes has been improved 
steadily in Great Britain from time to time. The chief 
improvement was the invention of the cylinder or 
roller printing-maehine, which has ahnost entirely 
superseded the hand block-printing process. Printing 
by the cylinder-machine is executed, not only with 
greater accuracy than by the wooden band-block as 
practised in India up to this day, but with an ahnost 
incredible saving of time and labour. A single machine, 
with one man to regulate the engraved pattern- rollers, 
is capable of printing as many pieces as two hundred 
men could do with the hand-block in the same time. 
A length of calico equal to one mile has been printed 
with four different coloura in one hour, or twenty-eight 
in one minute. 
It has been estimated that one-seventh of all the 
itton spun and manufactured is devoted to printing. 
Owing to the great improvements in machinery, and 
tie discovery of new colouring matters, with the modes 
of fixing themyitsi on the cloth, print-works have now 
'been established all over Europe. The reduction in 
price of cotton prints within the last fifty years is a 
striking illustration of the advancement which haa been 
made in Europe in calico printing. England has by 
the largest portion of this trade, and especially tho 
:port trade. America produces next in quantity to 
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England. France and Switzerland next to Ajnerica in 
quantity, but far superior in quality. Austria and 
Bohemiu also produce for their own markets. Holland, 
Belgiiim, Russia, Naples, and even such poor countriea 
aa Spain and Portugal, have their print-works, where 
the moat improved machinery is applied to the pro- 
duction of printed goods. 

But India, where the art of calico-printing first 
originated, and which used to export printed goods to 
Europe — that country has almost lost her occupation, 
And why ? The art remained in the same state from 
generation to generation. With shame it must be told 
that up to this time the old process of printing is still 
entirely followed, without the least improvement. In a 
country embracing an area of thousands of square miles, 
with a demand for printed goods, with plants producing 
beautiful dyes, not a solitary work has been established 
as yet to print goods with the improved machines — 
notwithstanding that a moderate capital will suffice for 
a complete calico print-work. India is poor even witli 
a rich and fertile soil, and will remain so as lonf^ 
she depends entirely on agriculture, aud (with other 
requisite changes) improved machinery for manufac- 
turing is not introduced. 
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PRACTICAL PROCESSES. 

Oylinder-FriTiting Machine. — The cloth to be printed 

ia first bleached, then wound in rolls by a machine 

called a condroy, on wooden beams, and brought to the 

cylinder-printing machine, where the cloth ia printed 

in one, two, three, four, or sometimes as many as 

twenty colours at the same time. The pattern ia 

engraved on small copper tubes or rollers, which 

Lore placed round a large drum of the caKco- printing 

Mnachine. Below each engraved cylinder is a clothed 

■Iwood roUer which partly dips in a trough containing a 
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ESTIMATE FOR CALICO PEDTT WORKS. 



Machinery at listen o 



PlasG. 



Bleacli-hauBe machinoiy, including Bewing-machine, aingeing- 
atovu, 2 liigli<prc»sure hiiia, 2 waahing-mHcMnes, I pidi of 
Bqueczpra, 1 drying-inacIuiiG. 1 condioy, 6 BtsBm-eiigiiieS, 
with ahafting, puIlcjB, wincea. Sue., for catTjing doth, &c. . 1 

EbigraviDg-room. mafhiiiery'T incliuliiig 2 engraTiiig-mAchiiieSt 1 
Belf-ftoting ruling -nmcmneT 1 poliabing-Ial^Q, 1 pair of clams, 
1 Inthe, 1 Bteani -engine, with shafting, pulleys, complota . 

Ptintiiig-rooin machinery, including I machine for printoiK in 
t colour, 1 ditto for 3 coloim, 1 ditto for 4 colours, 1 £tto 
for 6 colours, i stenm-en^es tor driving, 4 sets of drying 
and hianket framing, lapping and blanketing, steam-pipea, 
valves, &:c., complete t 

Colonr-shop machinery, including a, set of double-cased copper 
colour-pans, with all steaqi and nator^^k, grinding roUers, 
&c,, with fittings complete 

Madder dye-house machiuary, including 1 set of iron donging- 
oistems, with rollera, steam and water pipes, B iron madder 
dye-hecis, with winces, jjcg-raila, &c., 2 wa^iing-aiachines, 
1 pair of squeezers, 1 pair hydro- or water-eitractors, 6 
stwun-enginea, pipes ami valves, complete . . . 1 

Finishing-room maclimery, including 1 starching-mangle and 
1 al«iLm drying-machme, 2 finiahmg mangles and 1 drying- 
machine, 3 steam-engines, pipes and valves, complete . 1 

Steaming - house machinery,, including iron folding - doors, 
wnjught-iron carriage, uidicator, pipes, valves, &e. 

Mechanics' -shop machinery, including 1 douhlc-geared self- 
aclnng lathe, 1 hand-lathe, 1 planing-machino, 1 drilling- 
machme, 1 grindstone, 1 ateam-engine, with ahftfting, 
pulleys, &.C. 

2 boilots, for supplying steani to all the worts, on the most 
improved principle, iDcluding pipes and valves . 

AcceSBoriea and oirtras, including 100 engraved copper rollers 
for printing, ready for use, and set of felts for piintang- 
maohines, tools, sundry articles, &c 
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REMARKS ON CALICO PRINT WORKS. 



MACHISEBY AS SHOWX ON PI^AN G, 

Plan G shows the arrangement of maclimery for 
calico print works, including; also the necessary ma- 
chinery connected with it for bleaching, dyeing, and 
finishing ahout seventy thousand yards of cloth per week. 

The whole plan is so arranged that one process will 
follow another without any unnecessary loss of time or 
lahour. On the right-hand side of the main entrance 
is a room for grey cloth, opening into the bleach house ; 
after the cloth ia bleached, it will he taken to the calico 
print room, opening into the colour mixing shop, the 
engraved roller room, and the room for engraving the I 
designs on rollers. The cloth, being printed by the I 
cylinder printing machines, dried, and " aged," will be j 
taken to tlie madder dye house to be dyed, and then j 
to the finishing room ; next to this is tJi-a warehouBe, 
which communicates with the offices. 

The foui' calico-printing machines for printing in 
one, three, four, and six colours respectively at tlie 
same time, as well as the other machinery shown on, ■ 
plan, are all driven by small steam-engines, one at- j 
tached to each machine, which system is preferred and I 
adopted in almost all modern calico print works in A 
England and Scotland. It works more smoothly, it 1 
does not require heavy shafting, and the engines are 1 



under the direct coatrol of the workman, and very 
easily regulated. 

The engraved copper roUera of patterns generally 
weigh about 120 Iba each, the price of which variea 
according to the price of copper and the design to he 
engraved ; but on an average each engraved roller will 
cost about £7. Machinery for engraving rollers is also 
included in the estimate, as well as the coat of one 
hundred engraved rollers, which number will he suffi- 
cient for stai'ting the works, as fashions do not change 
3o frequently in India aud other parts of Asia as in 
Europe. 

In calico printing, the madder style heing the most 
important and most extensively practised, Plim G has 
been especially adapted more for that style of printing 
than any other ; while in the arrangement shown on 
Plan F, in the dye-house department, the machinery 
is suitable for indigo dyeing, which style is also ex- 
tensively practised, and is hardly second in importance 
to the madder style. 

It is of great importance that works for bleaching, 
dyeing, and printing should be erected where pure soft 
water may be had in abundance. If the water is not 
pure it imparts a tinge to the goods, and occasions also 
a loss of dye-stutf. In some very large works in Eng- 
land, where the quantity of water consumed daily 
amounts to 600,000 gallons, the water is made pui'e by 
mixing with it the refuse of the madder dye-pans, 
which combines with the impurities of the water in an 
insolubh form, and by allowing it to settle in large 
reservoirs and then passing through beds of gravel, 
water is obtained clear and fit for use. Rain-watei- 
and water from wells is generally better afliipted than 
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nrteaiia to ke hU m Ac white staie; 
wUfas^ Ae dotk h, the ibor E^t it leAecta fi 
«tr&ee,aod the eolims of Ae ^«s spfiear mo 
hxat. The difleRBtstylMflf calico pintmghaTe been 
tJoerSied already in m fuuLi page- 
In conseqaence of the great ineresse in price of gum 
arable, arising &oni its extosirc snplorment in calico 
printing, a giESt Tarictr of artificial gnnts are now pr^ 
pared from sago, rice, and wbeaten flour, for thickening 
the coloois, or nuHdanta, used in printing. Wheaten 
flonr, when heated, genenlt^ bears the name of Britisb 
gmn. 

The cost of the calico printing machinerv, complet-e, 
as shown on plan, including freight, will amount to 
about £10,000. The cost of the buildings, &c, may be 
reckoned from the dimensions of the plan, which con- 
aiata of four wings, lighted from aide windows — with 
the bo3er, steaming house, and mechanics' shop placed 
separately in the yard by itself. The total cost of the 
whole print-works complete, ready for working, may be 
safely calculated under £25,000. 
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the large consumptioa both in India and in othe 
foreign countries, and also because the demand wi 
probably continue in every market of the world. 

The jute plant is most extensively cultivated : 
Bengal. Its culture ia easy, the growth rapid, and th 
production comparatively large. The crop, when i 
is cut down close to the roots, and after being steepel 
in water for a week or longer, the bark separates easily 
and the silky fibre ia detached, cleaned, assorted, and i 
intended for export to Europe, is pressed into bale 
containing 300 lbs. each. The annual production ( 
juto in India is now more than 300,000 tons. 

Various coarse fabrics are made from jute in Bengal 
known as giimties and gunny bagging, of which wh(^ 
cargoes, amounting to tens of thousands of pieces, a 
annually taken by the Americans as a cotton-bal( 
material, in lengths of about 30 yards, weighing abool 
6 pounds each. As it takes about 6 yardfi for wrapping 
every bale of cotton, a crop of 3,000,000 bales wSt 
require 18,000,000 yards of bagging, and one-third t 
this supply is exported to America from Bengal. I 
some years as much as 270,000 tons of manufactured! 
bagging have been shipped from India to foreign^ 
countries. 

In Bengal, jute has hitherto been worked by ■v 
rude processes, and made into cloth, and has formed tti6 
grand domestic manufacture for hundreds of years. Ia 
Great Britain it baa only been known within the last 
quarter of a century. Machinery worked by steam has 
been applied, as in cotton goods, to spin and weave 
jute, whereby the production has been largely increased.. 
Owing to the raw material being very cheap, combined 
with a considerable amount of spinning quality, and 
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the snjooth appearance of jute cloth made by improved 
machinery, this naanufacture has made rapid progreaa 
in Great Britain, eonttimea daily to increase, and has 
been extended in a short period to an extraordinary 
degree, Colosaal jute factories have been erected in 
Great Britain, in some of which the consumption of 
jute exceeds 500 bales every week, and in two or three 
fectories 1,000 bales per week. The various descrip- 
tions of juto goods manufactured in these factories are 
bagging, sackinga, hessians, sheetings, ducks, carpet- 
ing, &c. Tho major portion of the jute cloth is made 
of yam in the green or natural state ; but in many sorts 
the yam is bleached, dyed, and finished. Besides fabrics 
composed wholly of jute, many sorts of unions are made 
by incorporating with jute, cotton, woollen, flax, and 
tow yarns. The jute yarns used for carpets are of 
varied colours, and are sometimes used in conjunction 
with cocoa fibre. Even the Brussels, or velvet, carpet is 
imitated with success in appearance, but not in durability. 

Por many years all the jute consumed in Great 
Britain was worked up in Dundee, but the manufacture 
is now extending in Glasgow, Manchester, London, and 
other cities. In Dundee alone nearly 50,000 tons are 
manufactured into bags and sacks annually, the raw 
material of which is exclusively supplied by India. 

In France, jute spinning and wearing are also carried 
on, where the consumption amounts to about 10,000 
tons. In the United States this manufacture has been 
progressive, notwithstanding that labour there is even 
dearer than in England. 

In the mother country of jute — Bengal — where it has 
been manufactured for hundreds of years even before 
its very name was known in Great Britain, no progress 
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has been made. There are about half a dozen jal 
factories near Calcutta, for Bpinning and weaving j 
bj' improved English machinery ; but these iactoj 
have been erected only recently, by the enterpriai 
Britons, thousands of miles from their homes, 
honour of introducing improved machinery for juta 
due to them. 

The establishment of steam jute factories In Calcut 
remarks a Dundee manufacturer, has not hitherto hi 
an injurious effect upon the trade in Dundee. The 
goods they manufacture in Calcutta and its neighbour- 
hood, have come more into competition with the pro- 
duction of the native looms, as they have been chiefly 
used for bags for rioe and other produce of the country, 
which was formerly shipped in gunny cloth made by 
hand. The consumption of cloth for bagging is im- 
mense, and constantly on the increase. The manufac- 
turing, establishments at Calcutta are reported to have 
orders always in advance to last them for months, and 
have yielded a handsome return to the proprietors. In 
Bombay, where bagging is bo largely consumed for 
cotton bales, linseed, and other produce, t)ie Jirst jute 
factory is expected to work in a short time. 

Jute, sunn, hemp, and flax, are spun on machinery 
on the same principle, but with differences in size and 
proportion, and in other minor details. Flax fibres con-" 
tain a largo quantity of gum, and there is a great 
resistance in spinning it. The fibres of hemp are in- 
ferior to those of flax, and more difficult to spin ; while 
jute, besides being very cheap, is also freely spun, and. 
this accounts for the very rapid progress of the jute. 
manufacture in Great Britain, compared with linen or 




Ul.) Oiling. — ^lu juto factories iu England, after 

pting open the closely- packed jute from the bales, it 

qireod out ; oil and water are sprinkled on it, and 

wed to remain in the batch for two days. The 

fclicatiou of oil softens the material, makes it more 

ffiable, and gives it a better spinning property. Then, 

m some factories, it is taken to a aorteuing machine, 

and pressed between rollers heavily weighted ; but in 
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several factories the softening machine la not uBsd, the 
jute boing taken direct to the breaker-card machine. 

(2.) Breaker and Finisher Care/s.— The jute is first 
passed through the breaker-cards, consisting of rollers 
with teeth, the main cylinder of which is four feet in 




diameter. The teeth strike the jute and tear it up, and 
a silver or ribbon of juto is formed. The finisher-card 
continues the same operation as the breaker-card, but 
the teeth of the card-clothing are finer and more closely 
set. The slivers of jute are led off at the side oF the 
finisher-card, where they are deposited in cans. 

(3.) Drawing Frame is similar in principle to that ' 
used in the cotton manufacture. In this machiae a 
number of jute slivers are drawn out repeatedly, wnich 
increases the length and diminishes the thickness of 
each sliver. There are the first and second drawing- 
frames, which are in principle the same. The object of 
the second set is still to reduce the thickness. At one 
end of the machine ia a can full of slivers brought from 
the finiaher-card. By the drawing-rollers the sliver of 
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jnte 18 taken into the machine, and after paBBing under 
other rollers moTing at different speeds, the sliver falls 
into another revolving' can oppoaitfl. 

(4.) Roving Frame. — This machine is for the purpose 
of giving a slight twist, and of winding jute slivers 
upon bobbins, preparatory to spinning. The improve- 
ments lately introduced in cotton roving- frames for 
givmg a permanent and independent support to each 




and in maintaining a perfect steadiness of 
action at a much higher velocity, have also been applied 
to jute roving- frames. The can of sliver is brought 
from the second drawing-frame to the roving-frame, 
where it is twisted and wound upon wooden bobbins. 

(5.) Dry Spinning Frames. — On these frames jute 
yams are spun into either weft oi' warp for weaving. 
It is called dry spinning, because in apinning-frames 
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made on the same principle for linen, water 13 
flax yams require to be wetted in order to render them 
more pliable and easy to twist. Water is contained in 
a trough, which ia supplied to the roller by the capillary 
attraction of a piece of cloth immersed therein. 

The framed for spiuuiiig jute very much resemble 




the throstle used in cotton spinning. The speed is from 
3,000 to 4,000 revolutions per minute. When the 
operation of spinning is finished, the thread is perfectly 
formed. 

(6, 7, 8.) Winding, Beaming, and. Piniinif Machines. 
— The winding-machine is for winding the waip yams 
on large bobbins; the beaming-machine to wind the 
yarn on beams for the purpose of placing it on looms 
" r weaving ; and the piming-machine to make cops or 
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pimB for the shuttles. All this preparatory mftchinery 
is required for the purpose of weaving the spun yams 
in the looms. The shuttle containing the weft yarn is 
much larger and stronger than that used in cotton looms. 
(9.) iooww*.— The jute-looms for weaving sackings, 
gunny bags, and other coarse labrics, plain or twilled. 




( much stronger and heavier than eaiico looms. 

ero is a contrivance in the loom for making a proper 
Bled for the very large shuttle used, and also for 
'educing the chance of breaking the warp threads. 
Here are looms made with more than one shuttle, for 

rowing variously- coloured wefts for jute carpets, and 
Buch other fabrics, which are also manufactured exten- 
sively in Dundee. The loom for making sail-cloth is 
similar in principle to that of jute. 
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ESTIMATE FOR A JTTE PACTOET. 
Mofhintry at thwen on PtAS H. 



^, complete, 
wiOii patent 



2 Shell-brenkor car&i, c;IInderE 4 by fe^t, 48' 

ploto, wiUi all EttingB, and card cloUuDg 
4 Flnulier-eHnlB, cylinderB 4 by S feet, 4S" di 

with card clothing , , . . 
4 First dniwing-framee, 2 heads of 4 hosses 

lonering motionH .... 
4 Sciumr! drtLwiiift-i'mmps, 2 honds of 4 bosses each, complele 
4 Itoguliitiiig I'uviiLR-fmmcs, i% apindles each, complete . 
10 Double ilry Npiniiing-friLmcH, I'iS Bpindlca each, complete 

2 Hholl-bn'aKrr cnnlii, cylindero 4 by 6 feet, 48" on wire, with 

card clothing, complete 

4 Fimahov-cflrdB, cj'lindera 4 by 6 feet, 48" on wire, complete 
4 Finrt draw)n^-fi»moB, 3 beads of i bosses each, complete 
1 Socond drawing- frames, 2 heads of 4 Iweees each, complete 
4 Bcftulating rolAry- frames, 48 spindlea each, complete . 
6 Double dry spinning- tromoe, 108 spindles each, complete 
A Winding^omf^hinefl, 3 beaming-machines, 40Q bobbma each; 

4 pmiing-raachini«, 60 spindles each, to make cops, con 

fid Patent looms for heavy sacldnf;, 35" reed space, with positi' 
taldng-up motion, jam boh-mf, flanges, complete 

50 Patent looms ioi gunny bogging, very strong, and similar 
to the above, complete 

If roquirod for twiUed Backing and baling, odd for 100 looma 

AooBBsorios und extniB, conawting of 60 yam beams, 12 beam 
stands, 4 drawin^-in frameB, 300 shutUes, 100 gro ' ' 
liina, ino gmes pim heads, 150 poicpickeiB, &(;. 

3 Stesm-enginpB, both condensing, one with cylinder 33", stroke 

B feet, end one 1 fij", stroke 1 feet 8 inches, with fly-wheels, 
governors, condensers, air-pumps, and all fittings, eom- 
plote.— 2 wrought-irou boiloTB, 2S'X6' 6", with 2 flues, 
with hU moontings, complete,— Gearing, shafting, pulleys, 
flcDga, Ac., complele 
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DIMENSIONS OF A JUTE FACTORY. 

Maehineri/ as shown on Flan H. 
Scale, 48 feet = 1 inch. 





Length, 


Breadth, 


Square 


Height, 


Cubic 




feet. 


feet. 


feet. 


feet. 


feet 


Front wing, contain- i 


. 










ing store-room for f 
rawniaterial,ware' i 


124 


46 


5,704 


12 


68,448 


house, entrance . / 












Ollices over top story 


50 


46 


2,300 


10 


23,000 


1 Side wing, contrfiin- \ 












ing preparation ( 


211 


84 


17,724 


12 


212,688 


and spuming ma- i 






" ^ " 






chinery . . . . / 












Intermediate wing, \ 
containing prepa- [ 
ration for weaving ) 












129 


56 


7,095 


12 


85,140 












Side wing, contain- | 
ing 100 looms . . ) 


211 


56 


11,816 


12 


141,792 


FiTifflne-house for ^ 
spinning ... 


58 


20 


1,160 


14 


16,240 






9 




/ 


Engine-house for j 
weaving . . . j 


27 


16 


432 


14 


6,048 


Boiler-house. . . 


40 
et and ci 


27 
ibic feet 


1,080 


10 


10,800 
564,156 


1 Total of square fe< 


47,311 



REMAEKS ON JUTE FACTORY. 

The estimate ahowa tlie coat of machinery for a jut* 
factory of moderate size, consisting of about 2,00* 
spindles and 100 looma. Near Calcutta three 
fa^itories have heen in active operation for several year 
paat. The Borneo Jute Company, with the extensioi 
they have made, is working 3,000 spindles. The firs 
jute factory in Bombay, called George the Third Jut 
Spinning Company, owing to the monetary criaiB ( 
1866, went into liquidation even before it commence 
to work. 

The spinning machinery as shown on plan is arrange* 
in two distinct divisions for weft and warp to apin yam 
7 to 24 lbs, and is quite ample to supply yarna for th* 
looma. If thia arrangement of machinery in two divi- 
siona be not approved, that one adopted for the cottoft 
mill maehinery may be eaaily substituted in ita pla* 

The manner of counting jute yams is quite different/ 
from that of cotton. The heavier yarns are the highes 
nmnbcrs, just the reverse of cotton yama. 

The weaving machinery, consisting of 100 looms, is 
adapted for weaving gunny baga and sackinga. For 
twilled aaeking, twilling motions are required in looms, 
for which an extra charge is made, included in the 
estimate. 

Qhere are two separate ateam-engines provided, c 



ovidcd, one I 
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for driving the spinning machincrj', and the otlier for 
driving the looms, which arrangement is in some re- 
spects preferable ; however, it wiU he a simple thing to 
drive all the machinerj- by one engine if desired. As 
the total amount of horse power required will remain 
the same, it matters little if the machinery is driven by 
one engine or two. 

The production from 100 looms will be according to 
the fabric to be produced ; the coarser the fabric, the 
larger the production will be. 

The buildings for the factory consist of four winga, 
connected with each other. The machinery is all 
arranged on the groimd iloor. Over the entrance for 
the passage of goods and the store room is an upper story 
for offices, which wiU give a pretty effect to the entire 
building. The plan is so arranged that in case of a 
gmall extension there wiU be room for additional ma- 
chinery, without increasing the size of the buildings, 
which, if not desired, can be proportionately diminished 
in the first instance. 

The cost of machinery amounts to somewhat above 
£20,000. The total cost, including the necessary build- 
ings and erection of machinery in complete working 
order, may be put down in round hgiires at £40,000. 

The accounts of the Calcutta jute factories have not 
been published; they are kept secret for trade purposes. 
However, from the extensions they have made to their 
works, and from other reasons, there is no doubt that 
a have declared handsome dividends. 
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QUANTITY AND VALUE OF JTJTE AND JTJTE BAGGINq 
ESTOKTED FROM INDIA, 
Fob eaos up Tiut YsAna bkdino Afsn. SOiu.*- J 



Ytu. 


Jute. 


TbIub bI jQle. 


Bg™, 




Cwu. 


£ 




18S0 


1,638,174 


1,499,633 




1860 


2,120,813 


1,793,029 


102.868 


lHti4 


2,613,887 


1,607,036 


111,207 


18U3 


1,266,884 


760,466 


131,628 


1M2 


1,232,279 


637,610 


186,846 


1881 


1,092,683 


761,201 


369,343 


1860 


761.201 


290,018 


333,977 


1869 


317,890 


fl25.0»0 


392,424 


1868 


788,820 


303,292 


217,1B4 


1867 


673,416 


274,967 


378,252 


1868 


882.716 


320.076 


302,388 


lB6fi 


699.506 






1864 


609,607 


214,768 


174,790 


1863 


349,797 


112,617 


231,169 


1862 


636,027 


180,976 


287,411 


1861 


684,461 


196,936 


160,397 



ywr. 


(jMDiiiy. 


Vulut. 








1866 


1,338,184 


675.740 


1866 


1.137,863 




1864 


971,871 






894,436 


6S6,2B2 


1862 


soa.096 




1B61 


642,848 




1B60 


623,762 


293,693 
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SILK MANUFACTURES. 



INTRODUCTION, 



There are few things more . 
wonderful ttan the miglity | 
results frequently brought I 
about by very small and ap- 
parently inadequate means. 
Few objects can appear more 
insignificant than the sillc- 
worm ; yet, by tlic united | 
labours of milliona of tbcf 
creatures, the raw silk : 
made, the trade in which | 
amounts every year to mil- 
lions of pounds sterling, 
_and enables man to weave 
lutiful fabrics from it. 
In China, even more than | 
'0 thousand years before 
the Christian era, this va- 
luable insect waa made scr- 1 
viccable to man. From l.hat | 
country the art of re 
ing the silkworm passed I 
into India and Persia ; and | 
up to this day China, India, 
and other parts of Asia 
supply to Great Britain and 
other European countries 
the bulk of the raw material- 
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The silk mamifacture is now a Bource of wealth to 
European nations, thoug-h it was only at tte be- 
ginning of the sixteenth century that the siUrworm 
was introduced into Europe. Two priests brought some 
eggs from China to Constantinople, from which place 
the art of rearing the silkworm spread into Greece, 
Italy, and France. The mulberry tree, on the leaves 
of which the silkworm ia fed, and which is a native of 
China, was iirst planted in France in the year 1564, 
aad thence propagated into other parts. France, so 
famous now for the excellence and beauty of its silk 
goods, produces a large quantity of raw silk, but it 
consumes all it produces, and the deficiency is made 
up by importations from China and India. 

The silkworm is subject to many changes. The egg, 
which is smaller than a grain of mustard seed, sends 
forth a caterpillar, which as it enlarges casts its skin 
three or four times. In the course of about a month 
it acquires its full aize, leaves off eating, and begins to 
discharge a secretion from its head, like a common 
spider. This secretion hardens into silken lines, which 
are coded instinctively into a nest round the worm 
itself, and which is called a cocoon. 

The caterpillar re- 
mains workingwithin 
the cocoon, spinning 
its beautiful threads 
'-. till its body dimi- 
nishes one half. The 
cocoon being com- 
plete, the worm trans- 
forms, and after a week emerges in the form of a 
perfect winged insect, the silk-moth. In order to 




J 




heat 



IMTRODUCTION. 131 

escape ihe cocoon, it moiBtens the interior with a 
liquid, disHolvea the gum that holds the silken lines 
together, and escapes. 
At this time the male 
and female motha cou- 
ple together. The in- 
sects have a short life 
and only one object to -^ 
accomplish — a con- 
tmuation of the species. 
The female moth lays 
her egg in two or 

three days and then dies. The eggs 
preserved in a low temperature. If the 
advances rapidly at an unusual season, it is not 
allowed fo act on the eggs, otherwise the cater- 
pillars become hatched before new leaves appear on the 
mulberry trees to feed them.. In France, in large 
esl-ablishments, the eggs are placed in large apartments, 
and where the heat is every day gradually increased 
till it reaches a certain point ; then the eggs are 
hatched, together in large broods, and nature com- 
pletes her mysterious work in a short time. The 
newly-hatched worms feed on tender mulberry leaves 
strewed on a piece of paper. 

In the French settlements in India, experimental 
eatabliabments for rearing improved species of silk- 
worm have been erected ; eggs and cocoons have been 
transmitted from India, Persia, and China to France, 
and the worms have fed well on the oak leaves of the 
forests. The French Government have from time to 
time bJbo offered large grants of money for improving 
the race of sQkworms. By improve^ plana they have 



k. 
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succeeded in obtaining a kind which jneld large and 
equal-sized cocoons of a pure Tvkite colour, the eilk of 
which is equal in all its length, strong and shining. 
From the ordinary species about eight pounds of reeled 
raw silk is obtained from one hundred pounds of co- 
coons. In England, the rearing of the silkworm haa 
heen tried, but on account of the cold winds it haa not 
succeeded commercially. 

There are several species of silkworm known in 
Lidia. No less than thirty arc fully described by Mr. 
F, Moore, in his " Synopsis of Asiatic Silk-Producing 
Moths." The Tusseh ailkworm is the most common 
species in Bengal. Millions of its cocoons are annually 
collected. The fabric woven in Bengal, chiefly at 
Midnaporo, from this silk, is called Tassar cloth, and is 
of very strong texture. The female cocoons are 
heavier and rounder than the males, and a due propor- 
tion of the finest cocoons of each sort is preserved for 
the production of eggs. The worms feed chiefly on 
the leaves of the castor-oil plant. The Chinese and 
also the European cocoons are much larger than those 
of India. Mr. Baahford, of Sirdah, attempted to 
enlarge the native cocoons by crossing the Indian silk- 
moths with the European varieties. Ho obtained 
several mixed breeds, much larger and stronger than 
the ordinary Bengal stock, producing beautiful cocoons. 
The best silk in the world is that obtained from the 
Chinese cocoons. China still sends to Great Britain 
its unfailing supply of Tsaltee. Bengal still furnishes 
a large amount of raw silk, and also silk in its manu- 
factured state, but of inferior qualify to that of China. 

The principal crop ol' cocoons in India is assorted 
according to quality. The life of the worm enclosed 
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ihe oocoori is destroyed by heat, and the floss silk 

r the cocooii is removed. After being placed in hot 

■, the gum softens, and a number of loose ends are 

d from the cocoons together. In Prance this is 

by improved mechanism in a very ingenious 

inner, without any waste. The reeled silk is made 

I into hanks and bundles for the market. Its form 

d quality differ in the several countries. The colour 




} the native state is generally a golden yellow, but 
Ine varieties of silk are perfectly white. A thread of 
Bilk is three times stronger than one of flax, and twice 
stronger than hemp of the same diameter ; in fact, it 
is the strongest of all the textile fibres. The production 
of raw silk is an important branch of industry, open for 
future skill and exertions in many parts of India ; and 
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the duty of the English Government is to go (m 
couraging it by every possible ineaQS, as they are doing 
in France. 

At one time a disease, mysterious aa the choleraj 
having destroyed myriads of worms in the silk -producing 
countries of Europe, millions of eggs were exported' 
from Asia to Europe, where by crossing the enfeebled 
breeds a supply of silk larger in quantity and better iu 
quality was obtained. 

The manufacture of silk gooils waa commenced in 
Europe only in the sixteenth century. For several 
years everything was done by hand, as it is up to the 
present time in India and China, It was in the year 
1716 that the first sill; mill moved by water power was 
erected in England. A large number of skilful French 
weavers settled in England during the persecutions in 
France, and the silk manufacture made more progress. 
So late as 1838, at Coventry, the highest authorities in 
the trade decided that a good silk ribbon could never be 
made by steam so well as by hand. But events proved 
that even the highest authorities had to learn the direc- 
tion in which their true interest lay. In the twenty 
years between 1838 and 1858, the steam factory system 
developed itself with continually increasing rapidity 
and energy ; and the application of steam, first pro- 
nounced imposaible and improfitable by practical men, 
was found to be an inevitable necessity oven in ribbon 
manufacture. One manufacturer after another adopted 
the factory system, and erected larger works and more 
effective machinery. Silk factories were established at 
Coventry, Spitalfields, Macclesfield, Manchester, and ii 
other towns. There are now more than five hundred 
silk factories in Great Britain, in which a variety of 
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3 suit the tastes and pecuniary means of nearly 
all grades of civilised and semi -civilised people are 
manufactured. In these factories more than 5,000 horse- 
power is employed, and a capital of about £50,000,000 
sterling invested, giving employment to nearly 1,000,000 
persons. 

In France a large capital has been invested in the silk 
industry, and its manufactures have attained such per- 
t fection that their superiority in taste and execution has 
^Kiot been even disputed by the English. The French 
^Bukve one advantage over the English, that they produce 
^B«i their own soil a large portion of the raw material. 
^^ China and India produce beautiful silk goods, but by 
slow processes and bv manual labour. What gives 
advantage to the European manufacturer is the appHca- 
tion of steam-power and improved machinery for spin- 
ning and weaving, whereby economy of labour and 
expense is effected, rendering the article cheaper and 
more accessible. 
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MinTAOTTKr^G rBCiTESSEfi. 

fj.) Wi^ii^ Madiine. — The liaatfi of raw eilt, u 
maAfe uy at Kecgal and Chins, darwi from the cocoons, 
m ixHittuucue Iraigllifi, are EtreU^ed in the Sngliah sUk 
tttVturuw upuu nix-Bided reels, caUed eiriits, br vhidi 
lii* aJllf j« tntonferred ircm the hanlis to bobbins, 
(^uid th« nilk ill rinding be entangled, the bobbins 
w« iAuj^xmI without breaking the thread, till the dLk 
luM b(««) ('zuniined and rettified. The winding ma- 
i^biu«« fur ChinH and Bengal eilk differ somewhat in 

{'i.) Cfcarin;/ Machine. — The bobbins from the wind- 
iiig lutHiiiiuv are rwnoved to this machine, the object of 
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which is to remedy the irregularities and knots in tha 
ttickness of silk by passing it between the edges of 
a steel clearer. E^ch thread is passed from its bobbip 
tlirough the clearer to another bohbin. Sometimes this 




cleaning ia affected by passing the silk threads between 
two steel rollers J adjustable by screws. After the 
silk has undergone the process of cleaning, it ia ready 
for the spinning machine. 

(3.) Spinniny Machine. — This twists the single thread 
so as to give it strength and elasticity. It consists of 
upright spindles on each side of the machine, arranged 
in two or three tiers ; but the three-tier machine being 
very high, is inconvenient to work. The bobbins of 
silk from the clearing machine are placed on the up- 
right spindles in such a way that, whilst each spindle 
is rapidly rotated, the thread is being drawn off and 
again distributed upon another bobbin placed horizon- 
tally. These machines have the usual arrangements 
of change wheels to put the required twist per inch 
into the thread. 

(4.) Doubling Machine. — This winds and lays evenly 




d e r it c k fBhyrf to rtnp tihc ■winimg^M, A 
<M0of tb« uzndB k-n™* *>> bRsk. Tlie girl wbo 
rttfdi tu tike atachme fieet»-wp HtB Ivobn thread, 
•ltd Mta tbe machiae in matioB ^S*^ ^^ ^''^ ''^ 
dk froiB the bobbins cf tbe t*— '""y i— rbine are, 
a eemd in g to the sort (^ woik nqaiRd. Tomd in this 
tmebtne in one cord or sttand, and it is GBOPntial that 
ihia ettand be l^d evenly, with an equable amoant of 



(5.) Thromng MachiTie. — On this thedoubled threads 
are twisted together, their bobbins reToh"ing on npri^ht 
mndles as in tbe spinning' machine, and tii^ikin^ &om 
3^000 to 4,000 revolutions per miuate. The spun fhwM fl» 
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e wound on reels into haiita ready for the dyer. As 
"i reel is filled, it gives notice by striking a bell. 




Silk is sometimes tKrowii by means of the spinning 
machine only. Where all the operations of spinning 
flilk are carried on, the place is sometimes called a 
tkromng mill. 

(6.) Glossing Machine is designed to stretcb the dyed 
eilk, and gives a gloss to it, which was formerly done 
by hand. The silk yam is confined in a steara-tight 
Case. By the direct action of steam, the silk is tho- 
roughly satiii-ated, when it is stretched by the pressure 
applied, to the piston. The machine is made especially 
for silk, which can be stretched a tenth of its length, 

(7.) Boftoriyyed Silk Winding Machine. — This iafor 
the purpose of winding the silk that has been dyed. 
The silk thread is wound from the dyed hank on 
bobbins making 200 turns per minute, in readiness for 
warping or for putting into shuttle-pirns for weaving 
in the looms. 
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(8.) Jacquard Loam for facing gooda liaa now i 
tirely superseded eveir other for producing figure 
work in the loom. The Jacquard apparatus, name 
from a Frenchman who inrented it, is an addition t 
the power loom, and is a very ingenioufl mechanism fo 
raising certain threads of the warp in a certain predei 
termined order, so that oil throwing the shuttles, 



containing a different colour in a certain order, a figure 
pattern shall be produced. Since Jacquard inventei 
it, a good many improvements in detaQ have bear 
made, which have been found of essential service ii 
tain classes of wea\-ing. Change in design or patter 
is made without any difficulty. 
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ESTIMATE AND DIMESSI 



ESTIMATE FOE A SILK FACTORY. 



Xacl . 



n Plan I. 



8 WmdmR h n 

6 CleHTUig 

8 Spmn Dj, 

3 Doubl n 

SThrowi 1, 

I Reel fur ilj lA 

machiQO 

S TVarping m'ilg I bearmg' ma hine campleto 
102 Locma, 36 inches reed Hpace, conpetc, 102 Jacq^ua 

mariunes oomp ete 
I Hocieontal stetun engine, 25 bone power, boilers, ahaftm 

gearing, &c., extras, packing and nee delivery on board 



tell 6 complete 
tatch 6", eomplete 

tch 6 , complete 

teh 5 , complete 
BtcolfMng and pahahin^f 



DIMENSIONS OF A SILK FACTORY. 
Maehinery at skown on Fun 1. 





LenKtb. 


Breadth 


■?.r 


Heighi, 
feet. 


Cubic 
feou 


Raw ailk room . . 

■Weaving loomB . . 
Matrag-up room . 
WareiioiigB . . . 
Officea,&c. . . . 
Timeieeper'B room 
Engine and boiler-ho 






SO 
106 
*2 
162 
24 
31 
32 
16 
4S 


27 
S3 
SO 
M 
33 
36 

io 


1,360 
6,666 
2,100 
7,128 

792 
1,116 
1,162 

S2H 
2,026 


12 

12 
12 

12 
12 
12 
12 
12 
10 


16,200 
66,780 
25,200 
86,636 

9,604 
13,393 
13,824 

6,336 
20,260 


Total of aqnare 


fee 




idcubi 


feet 


21,766 




257,022 



REMARKS ON SILK FACTORIES. 

Silk macliinery is very simple. As the ailk thread is 
made by the silkworm, no preparatory macliiiiery is 
required as for cotton, jute, &c. 

Throwing mill means a factory where silk ia pre- 
pared for weaving by converting it into three forms, 
known as singles, tram, and organzine. Singles is 
formed by simply twisting the filaments of raw ailk to 
give firmness to the texture. Tram is usually made 
from inferior silk, by twisting together in one direction 
two or more threads. 

Weft for common and flowered silks, velvets, &c., is 
formed of tram, by slightly twisting together in one 
direction two or more filaments of singles, usually 
made from common silk, which spreads in weaving. 
Warp for silk goods is made from organzine, or silk 
cleaned, spim, doubled, thrown, and considerabl]^ 
twisted, so as to resemble the strand of a rope. It il 
made by twisting together two or more singles oi 
tram in such a manner that the twist of the combined 
thread shall be in the opposite direction to the twisl 
given before, which prevents it untwisting. As organ- 
zine is twisted hard, it is used as Tearp for best sillc 
st\iSa. 

Hard silk is that in which the natural gura is left in 
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Soft silk means that the gum has been removed by 
Bcouring. Floss silk consists of shorter broken threads, 
&c. It is cut, carded, and spun in England like 
cotton, for inferior silk goods. 

The quality of silk is determined by first winding a 
certain quantity round a drum, and then weighing it. 
The weight is expressed in grains, twenty-four of which 
constitute one denier. Twenty-four deniers maJte one 
ounce, and sixteen ounces one pound. 

Raw silk absorbs moisture, and is increased ten per 
cent, in weight thereby. This property leads to fraud, 
which, however, maybe detected by enclosing a cei'tain 
weighted portion of suspected silk in a wire-cloth cage, 
and' exposing it to heat for a certain number of hours 
with a current of air. The loea in weight shows the 
amount of fraud. At Lyons, in France, a place famous 
for its silk factories, there is an office established by 
Government where this assay of silk is made. The law 
of France requires that all the silk tried by this office 
must be worked up into cloth in that country. 

The Plan I of Silk Factory shows arrangements 
for 1,500 spinning and 560 throwing spindles, with 
100 Jacquard looms ior ■wea.'no^ figured silks. Gauze- 
weaving and satin-weaving can be performed on a loom 
for plain weaving ; but for figured silks, a Jacquard loom 
will be necessary. A Jacquard can be applied to any 
plain loom, and costs about £10. Machines have been 
devised to do all the operations of silk-spinning in one ; 
but different speeds being necessary, there is a great 
waste and also increased cost in wages ; so the plan 
most commonly adopted is to have distinct and separate 
machines for each operation required in a silk factory. 
On plan, in the spinning-room, two rows of machines 
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EXPORT OF SII.K FROM INDIA, ETC. 



EXPOET OF SILK FKOM INDIA.' 



Ymi. 


IU» Silk, 
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Sugar is consumed throughout the whole world in 
some form or other. In Great Britain the revenue 
derived by duties imposed on this one single article 
amounts every year to more than £5,000,000. Sugar 
has grown into extensive demand, and the imports 
into the United Kingdom from India, Mauritius, Chin^ 
Java, and other sugar-growing countries, are enormous. 
The importance of sugar, therefore, cannot he too 
highly estimated, both as regards its culture and pro- 
duction in India and other countries, and its manu- 
facture for local consumption, and for export to Europe 
and America. 

To the inhabitants of India and China, sugar has 
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known from a very early period. From India, 
.e sugar-cane was introduced into Arabia, Egypt, and 
iher Western parts of Asia, and then into Europe, 
'here at first it was used for medicinal purposes alone 
many years. A physician described sugar aa 
idian salt, and recommended that a piece be kept in 
mouth during fevers. By the Greeks and Romans 
it was called by analogous names ; and they obtained 
It at enormous cost from India. In Spain, it was in- 
[jtroduced by the Moors. The Portuguese planted the 
iBugar-cane in America, soon after that continent was 
^discovered. From Brazil it was transmitted to Barba- 
rdoes, from which island at present large quantities 
lare shipped to Great Britain every year. Thus the 
-culture of the sugar-cane spread from one coimti-y to 
another adapted for its cultivation. 

When sugar became employed in Europe in sweeten- 
ing food and beverages, its consumption was inconsider- 
able, being made use of only in the houses of the rich 
id great ; but with the introduction of tea, coffee, and 
locolate, sugar came into general demand. 
There are several sugar-producing districts in the 
Bengal and l^adras Presidencies, and the export of 
sugar foiTus on important item of conamercc with other 
countries. In India, sugar is also obtained from the 
palm-juice. There is a caste in India who 
:e sugar from the kital-tree, which is called Ja^ffe/y. 
e are several sorts of cane cultivated in India, pro- 
ig good sugar. The China cane is very hardy, 
gives out as many as thirty shoots. Pcnang, 
ipore, and the Straits settlements, produce excellent 
le, yielding large quantities of sugar per acre, 
leetroot sugar is largely manufactured in France, 
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and' other countries of Europe, bat not 
The history of this industiy is important, as pointing 
out one of the means by which the resources of a 
country may be developed, and showing how science, 
when applied successfully, promotes manufactures and 
commerce. At the commencement of the present century. 
Napoleon Buonaparte, during the wars, closed all the 
ports, and ejicluded cane-sugar produced in the English 
colonies. He demanded of hia learned men the means 
fo produce sugar on French soil. The attempt made 
alow progress at first. When sugar was produced from 
beetroot, it was not of good quality, nor the price 
satisfactory. Large premiums offered by the Emperor 
Napoleon induced the chemists and scientific men of 
France to exert their skill; an Imperial factory waa 
erected ; skill and intelligence were brought to bear on 
the subject, and the result was complete success. It 
is now a thriving and increasing industry, not only in 
France, but in almost all parts of Europe. "Within 
the last thirty years hundreds of factories for produ- 
cing sugar from beetroot have been erected in France, 
Belgium, Austria, Pruasia, and Russia ; and thousands 
of tons are manufactured annually to meet the local 
demand in those coimtries. What is more, France is 
sending to England sugar made from beetroot, which 
comes into competition with cane-siigar sent from India, 
Mauritius, and other colonies. In 1866, in France, 
there were 439 beetroot factories, which produced 
82,556 tonS ; and in Ruesia there were 424 factories, 
which produced 26,519 tons of raw sugar. Such has 
beenthcrcsult of the progress of improvement in Europe. 
In the mother country of the sugar-cane not one step 
forward has been taken in its manufacture for centuries. 



To squeeze the juice from the canes in several parts 
of India, two small wooden rollers close to each other 
are employed. Another form of sugar-mill is on the 




principle of a mortar and pestle. The pestle is rubbed 
against the canes (cut into thin slices beforehand) — a 




troublesome operation. The moving force is two oxen. 
The pressure is so imperfect, that a large amount of 
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juice is left, thua causing a loss at the very outset; 
The juice is boiled in pans heated over an open fire, 
and is made into goor by the poor cultivators. This 
goor is purchased by persons whose business it is to 
remove impurities from it and produce sugars of 
various qualities, known, by the names of Ehur, Doloo, 
Gurpatta, and Dobarah, and exported in large quan- 
tities to great Britain, and other countries. 

Kkur Sugar is made in Bengal by pouring goor 
into coarse gunny bags, and pressing between bamboos 
lashed together, until 30 or 40 per cent, of it is forced out 
in the shape of molasaes, or sugar that will not crystallize. 
The residue is Ehur. NinspJiOol or fine khur is made by 
repeating the above process twice, which causes a further 
portion to be separated. In both sugars a certain por- 
tion of water remains, which renders it liable to sweat. 
Doloo or Dutlooali is made by pouring goor into open 
baskets, holding two or three maunds each ; three inches 
thick of wet grass being placed over the goor, tha 
molasses drains through a hole into a vessel placed 
underneath. As soon as the grass is dry, the upper 
part of the goor, deprived of its molasses by draining, 
is scraped ofl' with a knife to a depth of two or three 
inches, and fresh grass is applied. When dry, a fur- 
ther portion of sugar ia scraped off; and this process 
is repeated till the basket of goor is emptied. The 
scraped off sugar is placed on mats in the sun to dry. 
When well made, Doloo is dry, light, and sand-colour^ 
From a given quantity of goor, 30 to 40 per cent, (rf 
this kind of sugar is produced. The resulting mo- 
lasses, with a small portion of sugar, are melted and 
boiled, and an inferior dark-coloured goor is produced. 
Doloo keeps well in dry weather, but not in wet. 
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Cheena or Gurpatta i& the refined taigar of 
It IB made by boiling kliur witb potaali temper, 
1 removes the impurities. After skimming, it is 
filtered through a cotton cloth and boiled, then poured 
into earthen pote, and as it cools it forms crystals of 
white sugar. The syrup which drains fi-om the pots 
is boiled with freah goor, and an inferior sugar is pro- 
duced called Jerannee. Gurpatta sugar is bright, clean, 
wd dry, and keeps well. The yield from three maunds 
f good goor is twenty seers of Gurpatta, ten seera of 
ferior Gurpatta, ten seers Jerannee, one maund twenty- 
ight seers molasses, and loss twelve seers. Dobarah is 
jf Buperior quality to Gurpatta, being good white, dry, 
1 well crystallised sugar, and is made fi'om Doloo 
tead of Khur. It resembles the crushed refined 
r of European manufacture. 
■ The juice when expressed from the canes is opaque, 
h)tby, and of a yellowish- green colour, but darkens 
Ipidly on exposure to the air ; the amount of acidity 
Htreases the longer it is kept, and sugar is then lost 
lore or less. "When boiled, a green scum, consisting 
f impurities, rises, and the liquor becomes of a pale 
illow colour. But it has been found by chemists that 
■ heat destroys sugar, and heat more than 140° F. 
s an enormous injury in composition and colour. 
!he Indian system of making sugar is, therefore, very 
lefective. It produces a small quantity of sugar, and 
indance of impure goor; hence the cheapness of 
1 rude sugar mills and the cheap process are but 
xtttle compensation for the niiachief and waste incurred. 
The average amount of juice in 100 lbs. of cane is 
about 60 lbs. But the juice consists of a large per- 
centage of water and other impurities ; only eighteen 



or twenty per cent, is eugar, and in practice no more 
than eight per cent, is extracted in the form of cryatal- 
lised sugar. 

While the process of mamifacturing sugar in India, 
China, and other parts of Asia, has been quite stationary 
for hundreds of yeare, iii Europe, from its iirat introduc- 
tion, improvements have been made from time to time 
in the mechanical and alao the chemical processes. In- 
ventions have been introduced for sugar mills, consist- 
ing of heavy iron rollers driven by steitm, and extract- 
ing the greater amount of juice ; for heating by high- 
pressure steam, with the advantage of not burning any 
material submitted to its action ; for a new mode of ^ 
communicating heat ; for expelling molasses or syrup 
from the sugar ; for producing a high degree of purity ' 
and whiteness by charcoal ; for a mode of separating 
molasses and other soluble matters by mechanical pres- 
sure; for passing heat through a coil of copper pipe ■ 




fixed within the pan containing the sugar solution ; for I 

evaporation and concentration of the syrup. An im- 
portant improyement was patented by a medical man for 
removing aE the impurities in the cane-juice at once, 
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by salts of lead, and by passing a current of aulphur- 
ous acid. In the first year of bis patent he eold a 
fortieth part of it for £2,001). A London refiner of 
sngar, moreover, paid biin £1 per ton royalty on hia 
produce, about £150 per week ; and thousands of tons 
of sugar were manufactured by this process. But there 
was danger of leaving a poison in sugar if this pro- 
cess was not done well, tbougli it is perfectly capable 
of being done well. For this reason it haa been dis- 
couraged and partly prohibited. Another improve- 
ment was that of the centrifugal machine, revolving 
about two thousand times per minute by steam power, 
in which the crude sugar is placed. A few minutes are 
sufficient to separate the white crystalline grains of 
sugar, which are retained inside, while the molassea is 
thrown out. This machine is now extensively used in 
some of the sugar-growing countries, and in England 
in the sugar refineries, 

From repeated experiments it has been found that 
cane juice, if subjected to rapid beat to evaporate the 
water, does not lose its colour, nor its property of 
crystallising. By slow boiling of the cane juice the first 
change eifected is the production oi' grape sugar, which 
cannot be crystallised. By further boiling, the grape 
sugar is decomposed, and a certain black material is 
produced. The injuiious effect is in proportion to the 
duration of the heat. The mischief does not end here. 
The black material produced by continued alow heat 
retai^ds again from cryBtallisatiou its own weight of 
pure fcugur contained in the juice : and the loss of sugar 
is thus very great. It is to obviate this waste of more 
than ball' the sugar that a machine has been recently 
patented in England, and ia working (aa far as it 
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has been tried) urith aatia&ctory results in the West 
Indie«, in a sugar plantation. Tfais machine claims 
the merit of not spoiling the chemical nature of the 
angar, or its colour, or injnring the malerial in any 
way. Moraover, it is simple in conatmction, and 
economical in fuel. The trash of canes alter the juice 
baa been extracted in the sugar mill answers for fuel. 
Wlicn the machine is in full action, the cane juice flows 
in continually at ono end, and at the other it is as 
steadily removed, occupying no more for its passage 
than fifteen minutes. The product has heen called 
"concrete" and the colour of it is a pale greenish 
yellow. If required for export to Europe for refining 
purposes, the concrete can be cast in blocks of any size, 
and packed in bags. 

Groat Britain, owing to its climate, does not produt 
a pound of sugar-cane ; and notwithstanding the fact 1 
that sugar must be manufactured from the cane juice I 
in the countries where it is grown, and that without I 
loflB of time, yet there are hundreds oi' sugar refine- [ 
ries in Great Britain, as well as in all commercial cities ' 
of Europe. This had solely its origin in the defective 
methods employed in the sugar- growing countries, 
whei'e the fine and white loaf and lump sugar, suited 
for the European markets, was not made. In England, J 
in sugar refining, occupation is found for a great many I 
establishments for producing loaf sugar, crystal sugar, \ 
crushed sugar, and alho moist coloured sugars. It is 
chiefly carried on in London, Bristol, Manchester, 
Liverpool, Grceuock, and Southampton. But Bristol 
is the head-quarters of this branch of industry, where 
there are huge sugar factories. The sugar refining 
works of one firm there, the largest in the world, have 
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; more than £250,000 ; in which more than five 
aidred hands are regularly employed. 
. scientific and also very practical English sugar- 
ar, who has sugar plantations and sugar factories 
West Indies, has stated that the sugar inill 
yed in India is so rude that it must leave a large 
rtion of the richest juice in the cane trash ; scarcely 
r machine more miserable can be conceived. The 
jmfacture of sugar also is conducted in the most 
litive manner. 

t has been said that the climate and soil of India, 

r parts of Asia, are all that can be desired for 

> cultivation of sugar, and that no country holds 

i a better prospect of success in the prosecution of 

B important branch of trade, with improved Euro- 

1 machinery, coupled with science and industry. 

i the manufacture of sugar has been unaided by 

e apphcatiou of those improved means which have 

BO prospered European enterprise. Asia insists on 

standing still, while other nations are making progress. 

The result is that she is poor. 
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MANUFACTLKISG 

(1.) Sy^ar Mill has for its object the extraction of 
tlie juice from the canes. It consists of large heavy 
iron rollers, worked by a. steam-engine A self-acting 
cane-carrier is used to supply the canea to the mill , 
which facilitates the work. The iron feed-rollers split 
and slightly press the canes, and tho other rollers give 
the final preasure ; the juieo runs down to the mill-bed, 
while the trash of canea is carried outride. This trash 
is used as fuel, and the ashes as manure for the cane 
plantations. The yield of juice varies according to the 
completeness of the crushing, and the moisture of 
the air. 

(2.) Clarifiers. — The juice expressed from the canes 
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contains, besides sugar and water, certain impurities, to 
remove which the juice from the bed of the sugar mill 
is conducted to large vessels, called clarijlers, capable of 
holding hundreds of gallons each, and heated by steam 
passing in a coil of copper tubes, regidated at pleaaure. 
The impurities liberated in boiling are conveyed to a 
cistern, and thei'e are other contrivances for removing 




the scum and clearing the juice. Thus the juice is 
clarified and partly concentrated ; and the water being 
evaporated, it Ibrms a sort of syrup, which passes from 
the clarifiers into a receiving tank. 

(3.) Concreter is a macliine which has beeu recently 
patented for very rapidly condensing the Juice, The 
juice runs zig-zag in a continuous stream into a series 
of shallow iron trays of this machine, until it reaches 
the lower end, making a passage in all of 140 feet ; 
and as the trays are heated by a flame irom cane 
trash, it boils rapidly all the time. It is next passed 
into a copper cylinder 20 feet long, turning six times a 
minute, and heated outs'de by wast* heat. A strong 
Llast of highly heated air is sent by a self-acting fan 
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through the inside of the cylinder, covering a super- 
ficial area of 192 square feet ; and by the drying action 
of the heated air as the juice passes tm-ough, the water in 
a few minutes is driven off, whereby the juice increases 
in density. The syrup is not at all injured or burnt, 
and retains ita power of forming crystals of sugar. 

(4.) Vacuum Pan is employed to concentrate the 
syrup to the point required for forming grains or 
crystals of sugar. The more rapidly this is done, and 
the less heat applied, the greater is the production of 
sugar. A solution of sugar will require 2^0° F. to 




boil ; but if the air (which has a pressure) be removedl 
from the pan, it will boil at only 150° F. For thia^ 
purpose an air-pump is attached to the vacuum ] 
and also a coil of copper steam-pipes for heating. ' 
vapour from the boiling solution is condensed by inject- j 
ing cold water. There is a graduated measure to I 
tiscertain how much eyrup rmia into the pan, and an J 
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air-tight stick to take out the thick syrup to aeo when 
the operation is complete, and which varies according to 
ihe size of grain required in the sugar. 

(5.) Centrifugal Machines are for cleaning and dry- 
ing sugar. The sugar, with the adhering syrup, from 
the vacuum pan, is thrown into the cavity of one of 
these small machines, and is rotated by an engine 1,000 
times in a minute. The crystals of sugar are retained 
in the perforated copper casing of the machine, while 
the syrup- molasses is forced into the outer case. A 
rotation of only a few minutes is sufficient for the 
drying of a charge of sugar, and separating the crystals. 
The machine is then stopped, and the sugar scraped 
out. From the syrup or molasses an inferior sugar is 
made— fine, seconds, or treacle. By means of these 
machines much time is saved in the draining of sugar ; 
they are estensively employed in England, in the sugar- 
growing countries, and in other useful manufactures. 
ETigiish Sugar Refinen/ is six stories high. Each 
' Btory is separated into two divisions — one for melting 
and boiling, the other for draining and drying. 

(1.) Baskets or hogsheads of impure colonial sugar 
are lifted by a hoist to the top story, dissolved in a 
pan with water, and stirred mechanically. 

(2.) The dissolved liquor falls below from the pans 
into the filter bags enclosed in a case, and the insoluble 
matter in the sugar is removed. 

(3.) From the bag filters the liquor runs down into 
a cistern, and the colour of it is of sherry wine. 

(4.) The colour is removed and the liquor purified 
by passing it into a large iron vessel, 20 to 30 feet 
high, 5 feet in diameter, containing animal charcoal, 

(5 and G.) The liquor, bleached by charcoal, now 
runs into a tank on the basement floor, from which 
it is drawn into a vacuum pan to he formed into grains 
of sugar ; from the pan it falls below into the heater : 

(7.) Where the grains of sugar are hardened, which 
completes its formation. After which it is taken to 
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Machinery at aAoum on Plan K. 

A. angar mill, very strong and powerful, with 3 rollers 26" 
diainetBr, i' 6' long', with provision for heating by stenm. 
— Horizontal ateam-BnginB for driving the same, cylinder 
IS" diameter, oompletc, with doublu goariiig; a cono- 
carrior, mogoHB-E^lGVator, &c., &c^ . . . . , 
3 Steam ckrifiera, of ZOO galions each, with internal and 
aiicmal topjier tubes for heating, valves, chaina, pulleyB, 

woightH, guttpra for soiim, &i:,, &c 

1 Conoretor, fiiU-Bized, including tiaye, eopper revolving 
cylinder, drum, self-acting (an, pump, engine, &c., com- 
plete, with spare articles, &c 

Copper vacuiun pan, 6' diameter, 6' S" deep, with jai^lcet, inside 
domo, and bottom, made of soliil capper withont seams, 
with patent soamlcaa copper pipes, condeuiier, including 
E, with spare proof fitJCK, barometer, &c., &c, — A 
a pump steam-engfine, cylinder 10", air-pump 16", 
, feed and cold water pumps, complete. — Cast-iron stsfing 
lum pan, with iron stair, rails, plates for floormg, 
,6 (coat, without staging, about £'200 less) 
[lentriiugal macHnes. for makiiig BUgar in crystals, with 
a separate titeam-engiiu! for driving each machine, com- 

■ plete with all fittings 

"la tank for liquor iiom clariSer, 1 cistern to reooive synip 

from concretor, 1 molasses receiver bom centrifugals, com- 

I jdete -with bolts, nuts, &c 

Ream boilers, 21' XS' S", with 2 fluee, complete, with safety- 

■ valves, dampers, &a., &c 

pun, fbed, and water pipes requited in the buildings, in- 
|. doding 70 feet for cane-engme, 50 for vacuum pan, &c., 
[40 for eihHUBt, 6S for pump of pan-engine, VIO for cane- 

rine to boiler, 300 far auction and delivery to connect 
d-vralor pumps, i'2 for copper canal from clarifierg, &C, 
., indading pactiog and free delivery on board a 



162 



SUGAR FACTORIES. 



DIMENSIONS OF A STJGAE FACTORY. 

Machinery as sJiown on Plan J. 
Scale, 20 feet = 1 inch. 





Length, 
feet. 


Breadth, 
feet. 


Square 
feet. 


Height, 
feet. 


Cubic 
feet. 


Room, containing \ 
sugar mill, con- r 
cretor, and other j 
machinery . . . / 

Boiler-house, offices, ) 
&c., and store- > 
room . . . . ) 

Total of square f( 


122 
42 


41 
30 


5,002 
1,260 


22 

12 


110,044 
15,120 


Bet and c 


uhic feet 


6,262 


125,164 




^f^ 
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EEMARKS ON SUGAR FACTORY. 

The size of a sugar factory will depend on the size of 
-the estate, the number of acres in canee or likely to be, 
and the amount of work proposed to be done during the 
seasoii. A sugar factory only works for a certain pei'iod 
during the year ; hut then it works both day and night. 
The plana and estimates given are for a moderate sized 
Gugar factory, which will be applicable in a great many 
cases. The weight of canes from one acre varies, ac' 
cording to soil, culture, and climate, from twenty to 
thirty tons. 

The yield of solid sugar per acre, as a fair specimen, 
is calculated at 4,000 Iha. But owing to defective 
culture and the injurious mode of expressing and evapo- 
rating the juice in India, the yield in Bengal per acre 
is only 2,600 lbs. of Khaur sugar, and 2,0001 hs. of 
molasses, and of such inferior qualify, that if Khaur 
Bells rper Bengal maund at the rate of 3^ rs., molaaaea 
would not fetch more than 10 annas. The means by 
which a better result is to be attained will be by the use 
of improved cane mills, and improved machinery driven 
by steam, which has been done to some extent by enter- 
prising Europeans. Good specimens of sugar made 
with improved machinery in India in the factories of 
the Hon. E. Horsman, the Astragan Sugar Company, 
and Messrs. Curen and Co., of Shahjenanpore, were 
shown in the International Exhibition of 1862, and 
medals were awarded to them. 

The estimate for a sugar factory includes all machi- 
nery for producing well-formed and dry crystals of 
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sugar, and engar of a qoalitj required for local o 
BOmplioii in Tniliii and other parte of Ahih, and also far 
export to Eon^, In some jrarts of Bengal, Eiiropeana 
have erected improred machinPTV for mannfecturiiig 
Bogar; but some of the machinerr inciuded in the 
estimate is sf> r^ceDllj inTenied and patented that it h 
not vet been introduced into any part of Asia. 

The plan of the tiugar &ctorr is so arranged that 
machinery' for producing pure white loaf sugar may b^ 
added whenever required, without but ineonveniencOi 
The level, and the connections of the machinee witl 
each other, are so adjusted that the juice or syrup, afti 
being expressed, mar run down, so as to dispense, i 
fcr as practicable, with the u«' of pumps. 

The sugar mill shown on Plan K, the speed of whid 
is so regulated as to produce the greatest amount ( 
Juice frora tbe canes, will crush about six tons pe 
twelve working hours. By working it at the require^^ 
speed, 70 and even 80 per cent, of juice will be obtained 
Tbe concretor will turn out at the rate of 950 lbs. p« 
hour. It has been stated that 1 gallon of cane juidi 
will produce about 2 lbs. of concrete sugar in weight 
The total cost of all machinery, buildings, iron rooi 
charges for erection, and putting in complete worfc 
ing order, may be put down at £10,000. Copper enter 
largely into the composition of sugar machinery, ana 
therefore the machinery is costly. 

Itw/iis distilled in some sugar factories from molasse 
and other impurities ; but large copper stills and re 
frigerators are required for the purpose ; and wif3 
improved machinery for manufacturing sugar, 
great many cases it will not be worth while to i 

It is a fact that sugar refineries in England not only 
produce pure white loaf sugar, but also an equal quan- 
tity, perhaps more, of crystalline sugar of every quality 
sold in the shops in England, as it pays better, Tha 

produced from sugar (imported from India and other 
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fRr-growmg colonies) which is more deeply coloured. 
Kinterested persons have expressed in the English 
imals their decided opinion that it would he more 
momical and rational fo produce sugar of the requisite 
i in the place where sugar-cane is grown and sugar 
manufactured, at once, and then export it ; than that 
K^Bhould undergo two processes, ahnoat similar, in the 
oniea and in England, as ia the case at present for 
tducing crystallised sugar. 
■ For pure white loaf sugar, additional machinery will 
required beyond that specified in the estimate, con- 
ing of hag and charcoal filters, &c., which will cost 
lut XI, 300 additional. In a factory where the opera- 
ms of sugar refining are to he pushed to the highest 
ait for producing pure white loaf sugar, a very large 
mtity of animal charcoal is quite indispensable. 
Tooal entirely removes colour from the sugar solu- 
. , making it aa coloui-less as pure water. In England 
one ton of charcoal is used to purify one or two tons of 
sugar, according to quality. But, unfortunately, in a 
very short time, from 2i to 72 hours, the power of the 
charcoal becomes exhausted. It is restored again by 
heating it to redness in expensive furnaces. Thus, not 
only is a large quantity of charcoal required for pro- 
ducing pure white loaf sugar, but it is required to be 
repeatedly burnt. A sugar refinery for producing pure 
white loaf sugar wiU not pay in India unless fuel should 
become very abimdant and cheap. 

As a rule, the pure white loaf or lump sugars can- 
not with advantage be turned out in sugar-growing 
countries ; but any varieties short of those qualities 
could, under a proper application of machinery, bo more 
profitably manufactured in India, and other parts of 
Asia, than in England. 
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MANUFACTURE OF OILS. 




INTRODnCTION. 

seeds are valuable aad interesting substances, 
' for a variety of purpoaes. The trade in linseed, 
tapeeeed, and other seeds, and in cocoa-nuts, between 
India, and England andFrance, has during the last few 
yeara increased enormously, especially since the Crimean 
war. The oils most extensively used in Europe are 
linseed, rapcaced, coeoa-nut, pabn, and castor oils. 

The vegetable oils are for the most part obtained 
by expressing, the seeds being previously ground or 
bruised. Some seeds after this treatment readily yield 
h) pressure, and give what is known as cold-drawn oil ; 
others give up their oil with difficulty, and it becomes 
necessary to heat the bruised seeds previous to pres- 
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sure ; then the oil becomes more easy of separation. 
The means adopted for expressing oil from seeds and 
nuts up to tho present time, as may be seen on the 
Malabar Coast and in other parts of Asia, are the 
same as those adopted in the early stages of civilisatiott 
in Europe, The apparatus is very primitive, coneist* 
ing simply of a few poles driven into the ground an4 
supporting two cross bars, between which a bag con- 
taining the seed is placed. A lever is brought to bear, 
causing pressure upon the seed, from which the oil i» 
expressed. This rude apparatus is slow and inefS- 
cient. In JEngland, in the first instance, stampers werft 
introduced from Holland ; then the screw-press, and 
lastly the hydraulic press — now in general use. With 
stampers it was necessary to work the seeds twice otoTj 
whereas with the hydraulic press it is only necessary, 
to work them once. The saving of labour is 25 per 
cent., and the yield of oil is the same. For all prac- 
tical purposes it has been found, from actual trial, that 
the screw-press and the stamper are far inferior to 
the hydraulic press. But even in the latter, with the 
emptying and discharging, the process is constant 
and laborious. Oil machineir, even the best now in 
use in Great Britain, is not so perfect and self-acting 
as machinery in other branches of industry ; but still 
Asia ought to take every advantage of the improved 
machinery now in use in the most civilised parts of 
the world at the present time, instead of the rude 
apparatus at present employed for the purpose of ex- 
pressing oil, 

When oil is expressed with rude and imperfect 
machinery, it becomes foul, rancid, and discoloured in 
a long sea voyage, and its value diminishes ; but if 
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carefiilly pressed with improved machinery it remains 
fresh, and fit for the purposes in the arts and manu- 
factures to which it is applied. 

Linseed Oil is obtained by expression from the seeds 
of the common flax plant. In the Bombay Presi- 
dency, and in other parts of India, the plant is largely 
cultivated exclusively for the seeds, and not for the 
flax-fibres from which linen and other fabrics are made. 
For tho production of linseed a hot climate is very 
favourable, as the yield is greater, and the seeds larger, 
plumper, and more oily than in temperate countries. 
Seed-crushers in England find the flax-seed of India 
the most productive, as it contains six per cent, more 
oil than the seeds imported into Great Britain from 
Bussia. Cold-drawn linseed oil of a light yoUow colour 
is better than that expressed with heat ; but by heat- 
ing, the seeds yield seven per cent, more oil. Linseed 
oil is the moat useful and important of all the drying 
oils. It attracts oxygen from the air and solidifies, and 
this property renders it valuable for the purpose of 
making varnishes and paints. It is used also in the 
- manufacture of printers' ink, by allowing it to bum for 
some time, and then mixing it with lamp-black. The 
seed exported to England from India is all consumed by 
the oil mdls. After expressing the oil, the seed-cake 
which remains is most extensively employed for feeding 
cattle. Linseed cake forms an item in the imports 
from America and from certain European countries 
into Great Britain, 

Rape Seed Oil, after being purified, is largely used 
in England for lubricating machinery ; for which pur- 
pose it is in great demand, the demand increasing with 
the extension of machinery. For stationary or loco- 
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motive engines where higk speeds are required, it i 
stated to be particularly adapted. For marine engine^ 
these qualities, combined with absence of odour, reades 
it much valued. Some idea of the consumption ma; 
be formed from the fact that one single Railway Com 
pany in England, the London and North- Weeten^ 
consumes annually more than 40,000 gallons of this oil, 
for lubricating their locomotives alone, which quaJitilg] 
it is stated would be equal to the production of l.OUfl 
acres of land. 

The Castor oil plant is also a native of India, when 
it grows to a considerable size, and Uvea for sevei 
years. The oil ia obtained from the seeds by express 
ing. In Calcutta it is prepared by crushing it betw 
rollers, then placing it in hempen cloths, and pressing 
in an ordinary screw-press. The oil is then heated in ^ 
boiler with water, straiaed through flannel, and put ints 
cans. The beat East India castor oil is sold in Londoi^ 
as "cold drawn." 

Cotton Seed Oil is now an important article. ThetV 
are several mill s in England for producing it, and cottos 
seed-cake aa food for cattle. The oil is used in th^ 
manufacture of soap. Owing to the enormous quantitjf 
of cotton produced in India, there is always an abund* 
ance of seed, which it would be desirable to turn t(i 
more profitable purposes than is done at present. I 
America the seeds are pressed near the cotton plai 
tations, as they are bulky, and the coat of transport if 
necessarily great. The husk and attached fibre c 
used in paper-making, and the cake after expressing 
the oil is nearly aa valuable as Unseed cake. 

Cocoa-nut Oil, expreaaed from the fruit of the palm- 
treea growing so luxuriantly in the south of India and 
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other parta of Asia, is principally employed in Europe 
for the manufacture of candles and soap. It is bleached 
by acids, or by the combined influence of air, heat, and 
light. A white crystalline fat is separated, for making 
candles ; also a glycerine, which ia extonaively used 
now-a-days in the ai-ts, and even in medicine ; and the 
residuum of the oil is converted into a fine hard pitch, 
fit for any pui-poses to which ordinary pitch is ap- 
plied. The soap made from cocoa-nut oil ia very white 
and light, and to a larger extent soluble in water than 
any other soaps; it ia useful in washing, also, with 
salt-water. 

The Tallow Tree has been introduced from China 
into India lately, and flourishes with great luxuriance 
in the Dehra Dhoon, in the Dhoons and Kohistan of 
the North-"Wflstem Provinces, and in the Punjaub ; 
and there are now tens of thousands of such trees in the 
Government plantations. The tallow prepared from 
the seeds has been tested on the Punjaub Kailway, as a 
lubricator for locomotive machineiy. The leaves of this 
plant also make valuable dye. 

A largo quantity of oil is used in the manufacture of 
soap and candles in England, and other countries. 
Price's Candle Company possesses cocoa-nut planta- 
tions in Ceylon, and employs eight hundred workmen 
in its several manufactories in London, using a capital 
of nearly hali' a million sterling, and dividing profits to 
the extent of £40,000 per anniim. Till quite re- 
cently, the linseed oil required for Goverament use,, 
throughout India, was wholly sent out from Europe ; 
and it is only wilhin the last few years that it has 
been found out that the native grown linseed is quite 
as good aa the best which can be had in Europe. In a 
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country where the people are so extremely fond of 
retaining old methods, and so slow to recognise the 
science aad improved methods of European, countries, 
it would be better if Government were to give more 
Btimulua and inducement to new branches of industry. 





M ASK FACTU RING PROCESSES. 

B^l ) Seed Crushing Rollers. — A self-acting elevator, 
I it revolve'- takes a certain quantity of seeds each 
tune by small buckets, from the 
heap to a flat screen or shaker, 
which is kept conetantly moving 
to clear the seeds of all foreign 
matter. The seeds are caused to 
descend equably between two 
heavy crushing iron rollers, re- 
volving iu opposite directions, and 
SiO adjusted aa to take m different 
sizes ot seedi A pan of rollers 




will crush on an average 4 tons of 
seeds per day. For cocoa-nuts a 
rasping machine is employed, for 
cutting and reducing the copra to 
such a consistency as to prepare 
for the second process. 

(2.) Grinding the Seeds.— The 



174 



MA^^:FAc^^lE of oils. 



second operation consiate in grinding the seeds under a 
pair of edge Btonea, weighing about 7 tons. In the 
circular path of the edge stones the seeds fall from the. 
rollers ; and aa they go round about seventeen timerf 
per minute, the seeds are crushed not merely by the 
weight of the stones, but also by a rubbing motion^ 
In about hali'-an-hour the seeds are sufficiently g^unct 
into a paste. A knife revolves with the sttines for turning 
up the mass and detaching that which adheres, Ths; 
atones, if of good quahty, will last for a great length 
of time, but will require to bo &ced every three years, 




One pair will grind aufficient seed for two double 1 
presses. The stone generally used is Ihe best Derby- 
shire, furnished with iron plate and ledge many inches 
deep. 

(3.) //e«/i/!_jf&e((!s.— The pasty mass of crushed seeds 
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is generally heated in a double ateam kettle, wLich con- 
BiBta of two round chambcre, one over tbe other. Round 
the sides and bottom is the space for admitting steam ; 
and in the middle of the pan are two arms or stirrers, 
revolving 36 times a minute, which keep the seeds 
agitated, so that every particle may come in contact with 
the heated sides. After a few minutes, 
when the bruised seed Js sufficiently heated, 
the double door ia opened, and the con- 
t^its discharged by the action of 1he 
revolving stirrers. The heating operation ^ 
is continuous — by first charging the upper 
chamber, then the lower, where the seeds 
remain till required. The seeds fall by an 
orifice into a bag. 

(4.) Bags, for receiving the heated 
paste of the seeds, and placing in the 
hydraulic press, are made of strong cloth 
woven on purpose. After being filled, . 
they are placed separately between what 
are called the kairs, which are bags made 
of horso hair, with an external covering 
of leather. The bags are expensive, and 
on account of the great wear and tear are ^ 
required to be renewed every year. Oni 
set of sixteen will cost about il36. 

(5.) ExpressiTig Oil. — For expressing the heated 
seeds the hydraidic presses used are doubh. Each single 
press is fitted with four boxes, and receives four bags 
of heated seed paste. The attendant first fills one 
single press, opens the conmiunication, and brings a 
pressure to bear ; and while this is going on, the second 
single press is being filled, the valves of the press pumps 
are opened, and a total pressure of about 300 tons is 
exerted. The oil from the seed paste passes through 
the canvas bag, then through the hair bag, then round 
the upper portion of each box, and by pipes goes into 
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a cistern. The oil cakes are put into a kind of rack to 
cool and dry, so that they may not become mouldy 
when stored. For emptying and charg;ing the press, 
and for expressing the oil, it takes about ten minutes. 
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ESTIMATE FOR AN OIL MILL. 

Machinery as ahoum on Plan I. 

£ 
Klevator for elevating oil-seeds, complete ; a pair of rolls for 

crushing seeds, diameter 27" and 21", complete . . .173 

Cocoa-nut rasping machine, with knives and fittings complete 

(only required for cocoa-nuts, not for seeds) ... 96 

Grinding-stones, for grinding seeds, best Derbyshire, furnished 
with plate and ledge 7 deep, fitted with shaft diameter, 
weight 10 tons, complete 138 

Steam-kettle for heating seed-paste, furnished with stirrers, 100 

feet steam-pipes, pressure-gauge, &c 52 

Bagging for containing heated seed-paste for pressing, 32 hflirs 

witii double leather backs, including one extra set, complete 264 

Two double hydraulic presses for expressing oil, with 8 boxes 
in each double press, or 16 boxes in all, diameter of rams 12", 
including a set of patent double-pumps, with indicator, com- 
plete. (If required extra strong, weighing 26 tons, add 
about £165.) 527 

Four oil cisterns 6' X 8' X 8', with glass indicators, a force-pump 
for forcing oil from the presses to the stock-cistern, 68 feet 
pipes, with small cistern, complete 192 

High-pressure steam-engine, cylinder 16" diameter, stroke 2' 6", 
with expansion- valve, governor, force-pump, water-heater, 
&c. ; boiler, furnished with patent tubes, complete, with 
water-gauge, safety-valves, and all fittings .... 520 

Gearing, including shafting, 6 J" diameter, spur and bevel wheels, 
pulleys, independent iron framing, iron columns, heavy iron 
girders, complete 360 

Miscellaneous and extras, including cake-tables and strippers, 
leather straps for hairs, leather rings, copper rivets, &c. 
(Packing and free delivery on board) 200 

£2,522 
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DIMENSIONS OP AN OIL MILL. 

Machinery as shown on Plan K. 
Scale, 10 feet 8 inclies ^ 1 inch. 





Length. 


Breadth. 


Square 


Height, 


Cubic 




feet. 


feet 


feet. 


feet. 


feet. 


Room containing machinery \ 












for expressing oil and en- > 


46 


26 


1,196 


14 


16,744 


gine ) 












Boiler-house 


22 


17 


374 


10 


3,740 


Seed store-room .... 


20 


14 


280 


13 


3,640 


Offices 


20 


14 


280 


13 


3,640 


Cake warehouse* .... 


U 


26 


364 


12 


4,368 


Oil-tanks room* .... 


18 


26 


468 


12 


5,616 


Total of square feet s 


md cub 


ic feet 


2,962 


37,748 



* Not shown on plan. 
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REMARKS ON OIL MILL. 

Cue oil mill for whick the estimate and plan are given 
s on what ia called tlie self-supporting principle ; that 
,s, all the machinery is self-supporting on independent 
iron framing, consisting of columns and heavy girders, 
and worked quite independently of any buildings. 
The machinery consists of two double hydraulic presses, 
each double press with eight boxes, or sixteen boxes in 
all, with preparatory machinery adapted for crushing 
every description of oil seeds, as well as cocoa-nuts. 

The yield of oil from the seeds will vary according to 
the quality of seeds. 



1 Quarter of Bornbuy linReed j-ields 


from 126 to 


40 Iba. of oil 


1 „ Calcutta „ 


118 to 


30 


1 „ RuBsiau „ 


103 to 




1 „ Bomliay rapcacod 


120 to 


45 


1 „ Gimerat „ 




80 


I „ Calcutta „ 


115 to 


35 


Cocoa-nut 


60 to 


Go per eent. 


Cotton seeJ. 


16 to 


20 



Linseed is worked once over, rapeseed twice over, 
Calcutta and Bombay seeds require to be watered in 
working, whereby they gain from 3 to 10 Iba. What 
remains after pressing the oil is called the oil-cake. 

Oil-cake. — There is always so much seed paste put 
into the boxes of each hydraulic press, that, after the 
oil is expressed from it, each cake will weigh 8 lbs. In 
an English oil mill one man turns out a set of cakes 
from each double press in ten minutes, consequently 
each double press with eight boxes makes 80 lbs of 
cake in ten minutes. The use of oil-cake for feeding 
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cattle increasea every year in Europe ; it is an article 
of import Into Great Britain from America and other 
places, and a large quantity is also manufactured in 
England. 

Plan E shows the arrangement of the oil machinery. 
The store-room for linseed is of a size to hold 200 
quarters, about a week's stock ; but the size may be 
doubled. The oil-tanks and oil-cake house are not 
drawn to scale on plan. The oil is pumped from, the 
presses to the iron tanks ; the stock tanks may he 
placed at any distance, and in any position as regards' 
the mill, and connected by pipes. 

Wages. — In an oil mill in England wages range 
from 24 \o 10 shillings per week. The foreman is paid 
308. per week. No more than ten hands are required 
in a mill of two double presses. 

As per estimate, the machinery with two double 
presses will cost £3,500, and, including freight, in- 
surance, cost of buildings, iron roof, erection of ma- 
chinery, &c., the total coat of the oil-works may be put 
down at leas than £6,000. 

Production. — The oil mill, with two presses and 
sixteen boxes, for which the estimate is given, will, by 
working ten hours a day, crush 9,360 quarters of 
Bombay linseed per annum. The production of linseed 
oil wiU be say 564 tons, and of linseed cake 1,174 toi 
A ton of oil, linseed or rapeseed, contains 240 gallona,] 
and occupies 38^ cubic feet. A cistein 8 X 8 x 6 ft 
win contain 2,393 gallons. Oil mills in England gem 
rally work day and night. 

Profits. — The following table shows the amount 
profit derived, after deducting all expenses, wear anA; 
tear, by one of the oil mill proprietors in England, iai 
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> successive years, by working Bombay linseed i 
3 double presses, sixteen boxes in all : — 



perqiarter. 


pec ton. 


l«ru)n. 


ProftM 


I. 


£ I 




£ 


62 


28 fi 


9 10 


1,628 


56 


30 


10 


1,230 


72 


46 


10 


2,202 




37 10 


9 10 


1,193 


60 


31 


10 10 


B77 



a an example of tbe fluctuations in profits, and the 
fference in pressing different seeds in the same year, 
following figures will suffice, the amount of 
ihinery being the same : — 



Cotton Bood liought at . 
„ oil sold Ht 
„ cake sold at . 

Profits realised ii 

Eape seed liDiiglit at 
„ oil sold at . 
„ cake sold at 

Profit realised ii 



.e year £2,333. 



f The Bombay Oil Mill was started for pressing cocoa- 
nte, but it failed through special and easily explicable 
A European was engaged in the capacity of 
mill-maaagei', and sent over to England, and a respecta- 
ble firm waa instructed to purchase machinery according 
to his recommendations, which was accordingly done. 
The oil mill consisted of two double presses, and other 
machinery for pressing oil, the same as specified in the 
estimate, made to fit a particular building at G-oa. 
A timber mill was also attached to it, to be worked by 
one engine. When the machinery arrived it was 
erected, not at Goa but in Bombay ; the timber rnil] 
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was left out ; aud l>efore the oil machinery commenced 
to work, the European manager had already received 
for his double passage to and from India, and as salary, 
more than £l,OOCl, which was a pure waste. Beaidea, 
the steam-engine power was three or four times more 
than actually required. Under theae circumstances 
failure was iiie\-itahle. 

AU oils and fats, when treated with soda or potash, 
yield soap. ITic general method of soap-making is the 
same for all kinds, though it varies in some particulars 
according to the kind of oil or fat. Soap is manu- 
factured in cast-iron pans built in brickwork, into 
which steam pipes are introduced for heating the oils 
with potash or soda. 

Saint Brothers have an establishment at Cossipore, 
where stearine candles are made, which are hard, white, 
and dry, and were shown at the International Exhibi- 
tion in 1863. 



ST.ATISTICS. if 

y OIL SEEDS AND OIL EXPORTED FROM INDIA TO 
QltEAT BRITAIN.* 





fiteds 


1 aJiK-Setda, 


Ti.loe-OUa. 




qn. 




^ 


18(15 


_ 


1.912,433 


217,730 


IBlH 




2,032,832 


422,176 


1863 


844,090 


1,833,861 


372,107 


1862 


682,768 


1,206,331 


209,602 


1861 




1,786,626 


217,094 


1860 


l,12fl,i67 


1,518,721 


180,066 


1S69 




S.aS9,446 


192,662 






1.380,001 








1,118,664 




1B56 




1,273,467 


164,640 






812,799 


130,958 


IBfil 




471,797 


104,170 




282,*80 


448.770 


90,039 




309.882 


501,420 


92,722 


1851 


218,762 


339,514 


129,121 




130,243 


216,610 


106,947 



Cocoa-nut oil exported from cetlon to 
great britain," 



«1 AbUnct of Coloolii and oUici 



nir, fi-AS_ 




In places 
where coal is 
difficult to pro- 
■ pure, oil may be 
I advantageously 
•' substituted as 
a source of gaa 
for iUuminat- 
mg purposes. The oil 
employed for this pur- 
pose 18 the crudest and 
cheapest that can be ■ 
procured , even such 88 
IS quite unfit for burn- 
ing m the ordinary 
manner is sufficiently 
pure for making oil 
gas The lUuminating 
power of oil gas is 
t/tue as much as that 
of ordinary coal jjas. 
a The process of making 
it also IS much more 
simple, as it requires 
far less purification, 
and the production of 
gas IS large compared 
with coal gas. In 
, Li\eipool, Bristol, 
Hull and other places 
m Grreat Britain, ex- 
tensive establishments- 



time erected to produce gas from oil 



but as coal is so cheap, and the commonest oil far too 
expensive, the manutaeture of gas from oil has been 
discontinued. But in several places in India, and other 
parts of Asia, the manufacture of oil gas will be advan- 
tageous, besides being an admirable means of using up 
impure oil, refuse fat, and such other materials for the 
production of light as could not otherwise be employed, 
or could only be applied to the lowest uses. 

Oils, fatty substances, and coal, contain a very large 
portiou of compounds and other ingredienta required 
for illuminating purposes. But combined with coal or 
oils, there are other substances which are not required, 
which do not contribute to the illuminating power, and 
which may he separated when gas is manufactured. 
Coal contains more impure substances than oils ; hence 
the manufacture of gas from coal requires more purifi- 
cation than that from oils ; besides which, the principal 
illuminating ingredients predominate more in oils than 
in coal, which is one great advantage in manufacturing 
gas from oils. 

l"he superiority of gas over the dim oil lights was 
seen in Bombay so late as 1866, and in Calcutta in 
1860, when it oxcitEd at first as much popular attention 
as it did in England when the first public display of 
gas was made in the year 1798. The time seems not 
far off when every town, even in a country like India, 
will be lighted with gas, and the dim oil lamps entirely 
displaced. For brilliancy, nothing practically sur- 
passes the light from gas. Within the last few years 
gas has been also extensively used for cooking food, 
and for other heating purposes. 

The late Framjee Cowasjee — a gentleman whose name 
will always he held in grateful memory as one who, 
without having had the advantage of receiving a good 
education, did more to introduce new industrial enter- 
prises in "Western India than any other native of India 
has yet done — when he lighted his mansion with gas, 
and (to celebrate the event) gave a dinner to his friends, 
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some were made sick bj the noxious smell, Bcomg thai£ 
at that time no improvements had been efTected in 
purifying the gas. But now gaa apparata are mad^ 
not only for large towns, hut of any size and for any 
number of lights, for placing near factories, gentlemen s 
mansions, and other public buildings, without pro-, 
ducing any unpleasant odour, and made so simple in 
construction that any person could work them with easa. 
Notwithstanding the present entire absence of any- 
thing like gas in the interior towns in India, and otbst^ 
ilacea in Asia, there is little doubt that its manufacture 
refuse oils, or other comparatively useless fatty 
substances, requires only to be developed to be duly; 
appreciated. Once introduced, its consumption will, 
increase, and in proportion as attention is paid to im-^ 
provomcnts in its manufacture, in the fittings, and in 
the mode of burning, it will become more and more; 

fenerally adopted in large towns, and even in privata 
ouses, so as to supersede at last almost all otb% 
sources of artificial light. 

In the manufacture of gas, the first process is to heat 
the material in a close iron retort by a furnace in thflq 
usual way. The oil is allowed to 
flow in a continuous stream from ^ 
tank to the retorts, in which small 
pieces of brick are introduced t 
increase the heating surface, ani 
to shorten the time for the pnn 
duction of gas. The oil is decora? 
posed by a slow red heat, and is 
converted into illuminating gfti 
^ and tar, which both escape as 
vapour by a pipe. The tar gaa^ 
being heavy, deposits the tar in a small cistern, whiol) 
is always kept half full ; while the other gas is ctot*^ 
ducted away to be purified. 

The gaa which escapes by the pipe from the oil r»* 
tort contains impurities which requiro to be separatee 
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fi-om it. Lime is used for puriiying, and the gas is 
passed into a suitable veaael containing it, which 
takes ftway the sulphui'elted Tiydrogen, carbonic acid, 
and other matters. The gas is then stored in a gas- 
holder, ready to be distributed by pipes in the places to 
be lighted. In the bottom part of the gasholder is a 
tank of water ; in the upper is the vessel of iron sus- 
pended by chains, moving up and down freely. The 
gas, from the force it acquires by being expelled from 
the oil, presses on the surface of the water, and causes 
the iron gasholder which holds the gas to rise ; and in 
proportion to the quantity entering, so does the holder 
rise out of the water. 
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PRICES OF OIL GAS AND DOUBLE RETORT APPARATUS, 

COMPLETE, 



»> 



INCLUDINO BETOBT8, PUUIFIEB8, OA8HOLDEBS, AND FIKB-BBICKS. 

No. of Price. 

Bumera.* £ 

6 26 

10 68 

20 75 

30 92 

40 120 

70 195 

100 231 

200 370 

300 480 

400 588 

500 781 

800 1,061 

1,200 1,225 

1,600 1,573 

2,000 1,925 

Each burner will consume 1 J cubic foot of oil gas per hour ; for the 
same intensity of light 3 cubic feet of coal gas would be required. One 
gallon of oil will yield 80 cubic feet of rich gas. 

The price of gas in London is 4». per 1,000 cubic feet. 

In Calcutta, the price charged by an English company is 12». 

The cost of oil gas in India, as tried for several months, is I6s, 6d. 
per 1,000 cubic feet from cotton-seed oil. 

* Each burner burning on an averaf^e three hours. 
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^m lyTRonucnoN. 

^HOf all the useful arts there are few ^^ 
^fhvliioh contribute so much to human C^T 
^^Uutppiness, and to elevate and im- \/^ 
■*^ve mankind, as the arts of writ- ' 
^" ing, printing, and paper making. In rt 
the primitive ages people were satis- 
fied with writing on stone, metals, 
and bricks. Subsequently more 
pliable textures were employed, such 
as skins of sheep or goats, and leaves 
oftrees. Books formed of suck leaves 
have been preserved in the libraries 
of Europe ; and the practice of writ- 
ing upon leaves of trees is etiU in 
use in some parte of Asia up to the 
present day. 

The invention of the paper manu- 
facture is most valuable and usefid, 
as it saves infinite trouble, labour, 
and time; and without it every other 
discovery would have continued 
useless to society. The civilisation 
of mankind depends mainly on the 
diffusion of knowledge, and paper is 
the most essential medium for dif- 
fusing that blessing to the human 

China originally gave birth to 
the invention of paper. The art 
of making paper from vegetable matter 
pulp was known and understood in Chin 
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before it was practised in Europe, and carried ta 
some perfection. There is no doubt that the novel 
idea of reducing a vegetable to a liquid state for the 
purpose of obtaining by deposit a smooth thin flexible 
sheet is due ta the Chinese. These ingenious people 
make paper from cotton, hemp, rice straw, a species of 
mulberry free, and from the bark of the bamboo. The. 
young stalks of the bamboo are cut and thrown into s 
reservoir of mud and water for a fortnight, to soften 
them, and then taken out, cut, and exposed in the suit- 
to dry and bleach. After this the pieces are boiled ia' 
large kettles, and reduced to pulp in mortars by band. 
Some glutinous substance is mixed with it, and the 
whole beaten together to the required thickness with 
water, and placed in a vat. A workman dips a sort of 
fi-amed sieve into this vat, and on raising it, and shak- 
ing it, the water paaaea off through the holes of the 
sieve, and the stuff remains on the surface, whereby 91 
sheet of half-formed paper ia made. This ia pressed 
against a smooth surface near a stove, so that the sheet 
of wet paper may adhere. By the warmth of the store 
the water evaporates rapidly ; and before the paper is 
quite dry it is brushed over with a size made from ric^ 
which soon dries, and the paper is then stripped off in. 
a finished state. Such is the rude process by which. 
not only in China, but in India and other parts of Asia, , 
paper is made, with some slight modifications, up to. 
the present time. 

In Europe the manufacture of paper was introduced 
only in the fourteenth century. The first paper mill 
in England was erected in 1588 by a German, fot 
which he received the honour of knighthood from.- 
Queen Elizabeth, and a licence was also granted to bim 
for the sole gathering of rags for making paper for ten 
years, TiU. 1765 scarcely any high degree of perfection 
was reached. Paper made in Europe by band at that 
time is thus described — the Venetian as neat, subtle, 
and court-like — the French light, slight, and tender — ■ 
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the Butch thick, corpulent, and gross, sucking up 

Up to the end of the eighteenth century paper was 
made by hand in Europe. The honour of inventing 
that beautiful contrivance, the continuous paper machine, 
which has contiibuted so much to the advancement of 
civilisation, is due to a Frenchman, It was only in 
1803 that the ^rut paper machine for making paper 
continuouely was worked in England. Chlorine gas 
was soon adopted, by which the deepest coloured raga 
for making paper were deprived entirely of their 
colour, and rendered quite. white. In place of the 
old fashioned mortars and mallets, engines were es- 
tablished. In 1840 sand-trapa for catching gravel and 
other impurities in the pulp were used ; and in the same 
year suction pumps wei'e employed to carry off by 
degrees a great portion of water contained in the pulp 
&om the wire-cloth on which paper ia made. To 
perfect the continuous paper maxiinc, one single firm 
laboured for six years, and expended £60,000 on it. 
The amount was so large that they became bankrupt, 
as their patent, owing to some technical objections, was 
declared void. By the improvements effected by the 
firm the cost of making paper was reduced from six- 
teen shillings to three shillings and ninepence per 
hundredweight. In 1849 paper-making advanced still 
more rapidly owing to improvements in machinery. 
The composition of pulp was better studied. Between 
1852 and 1857 no less than one hundred and forty- 
seven patents were taken out in England for improve- 
ments in paper, but chiefly for new materials for the 

The prmcjpal miprovcment m paper-makmg by 
machinery is the adaptation of an endless revolving 
wire clotb to receive the paper pulp with an endless 
felt, to which in its progress the paper is trausicned 
by self-acting motion; this is so quickly done that at 
one end of the paper machine the wire cloth receives 
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V of liquid pulp, and in the c 



of 



I 



e constant 
two or three minutes at the other end of the maCi 
it comes out in the form of finished paper. 

The largest paper that has been made by hand is 
53 by 31 inches; and so great ia the weight of pulp 
for making a single sheet of this size, that no leas than 
nine men are required ; whereas with the continuous 
paper machine, not one sheet only, but a continuous 
sheet of any length, and eight feet wide, is drawn out 
and wound on reels. What is more ; the work which 
occupied three weeks by the old method by hand is 
now done in as many "minutes by the improved pajKr 
machine. Paper may be made by this machine con- 
siderably less than a thousandth part of an inch in 
thickness ; and although so thin it ia capable of being 
coloured and glazed. 

The raw material used in England for making paper 
is chiefly worn-out rags, which would have little value 
if tbey were not used for that purpose. Cotton and 
linen rags are the best, though hemp,Jute, and rags of 
other fibres are used for mixtures. Cotton and linen 
raga afford the greatest facilities for manufacture, and 
nearly all are made into white paper. Old ropes, old 
cotton bagging, and the sweepings of cotton mills also 
furnish a large supply for wrapping papers. Spanisll 
grass and straw are also used in English paper mills as 
an auxiliary to rags, and in conjunction with cotton or 
linen rags. It has been proved that paper can be made 
from any vegetable fibre which will combine into a pulp. 
The only question is the cost of production of paper from 
that material. England requires upwards of 120,000 
tons of raga for making paper every year, a large pro» 
portion of which is imported from other countries. 

For several years past a newspaper has been printed 
in Sweden upon paper made from horse dung. Some 
of the soluble parts in its manufacture are carried **■ 
and used for manure. 

In America, at a time when war was raging 
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tween North and South, and. tlie supply of cotton rags 
fell short, great attention was paid to other Bubatances 
for manufacturing paper, and patents were taken out, 
and worked succesafully, for makingpaper from wood. 
The establishment of the American \Vood Paper Com- 
pany, in America, covera ten acres, and their works 
were completed in 1866 at a coat of 1,000,000 dollars. 
They are the largest in the world for the manufacture 
of wood pulp, producing 34,000 lbs. of pulp per day. 
In other works the wood ia first cut into fine chipa by 
machinery, then boiled in a chemical solution in closed 
boilers, which renders it soft. From the pulp the 
ohemioal solution is drained, and conducted by pipes into 
furnaces, where by a patent process eighty-five per cent. 
of the aubatance uaed in boiling ia recovered and uaed 
again. It has been stated that without this patent 
process of recovering the chemical used, the mauufac- 
ture of paper from wood pulp would be a failure com- 
mercially. With the wood pulp a portion is mixed of 
straw pulp ; and paper thus made at these American 
mills without any rags is of sufficiently good quality to 
be uaed for printing newspapers. 

In the United Kingdom there are no less than 430 
paper mills spread throughout the whole country. 
Some idea of the extent of these works may be formed 
from the fact that in one of them, from the very refuse 
of our clothing and rags, there is made on an average 
every day forty miles of paper in length and more 
than five feet wide. Paper ia an important branch of 
trade in the United Kingdom, already worth aix 
millions sterling, and employing a large number of 
hands. 

In the United States, in 18S0, there were more than 
555 paper mills, producing paper of the value of 
17,148,194 dollars. But not only in Great Britain and 
America ; in France, Austria, Denmark, Spain, and 
other countries in Europe, paper mills turn out 
thousands of tons of paper every year. 
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In India, China, and other parts of Asia, paper ^ 
made in large quantities, but by hand. Over all Aa^j 
there are hardly half-a-dozen continuous paper machhiQ 
working at the present time. Asia has an enormcmi 
population, producing vaet quantities of cotton clotMng 
which, though worn more than in Europe, is still trf 
great value for making paper. The supply of rawj 
material is abundant. It behoves her to take ev^Tjm 
advantage, as all European nations have done, of tliea 
recent applications of improved machinery, by which I 
the iocUities for producing cheap paper have increaeed I 
so much, and so great a saving of expense, trouble, qbiI V 
material has been effected. 





(I.) Rag Cutting. — The rags are cut into small pieces 
fttout four inches square, by women, who stand at a 
table the upper part of which is covered with a netting 
of coarse wire, a large knife being fixed in the centre 
■\rith which they cut the rags, and keep different 
qualities of rag in the several divisions of the box. 

(2.) liag Dusting Machine. — The raga are put into 
■ttuB machine, which is a large cylindrical cage or drum, 
covered with iron wire, six feet in diameter, and 
laving a revolving shaft with a. number of spokes in the 
interior, which toss and shako the rags. The machine 
inclines on one side ; and the raga being placed on the 
"top, a large proportion of the loose dirt ia beaten out by 
the time they reach the bottom. 

(3.) Bag Boilers. — As the raga contain more or leas 
grease, to get rid of it, and also to some extent to 
weaken the adherence of colouring matter, they are 
boiled with lime or soda in a boiler, which is made to 
; IBTolve slowly round and round by the steam<engine, 
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DIMENSIONS OF AX OIL MILL. 
JfarAinny as sAoum <m Plan K. 
Scale, 10 feet 8 inehes = 1 inch. 



) 



K«.x>iu ivntaining machinery j 
for expreasdng oil and en- \ 
irine . . . 

IVnltT-hoiise 

St\Hi store-nx>m 

C>tfict^ . . . 

Cako ti-arehouso* 

l>il>tanks ivom* 



Total of square t^i and cubic feet 2,962 
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ntion ; a constant stream of pure water flows in at one 
eod, and the dirty water passes off by a waste pipe. 
Aa iron roll furnished with knives revolves, and there 
is a,fxed plate also at the bottom with knives. As the 
fags are drawn by the rapid rotation, they are cut by 
the knives to about one-sixteenth of an inch. The 
distance between the fixed and revolving knives is 
adjusted as required. There are other contrivances by 
which no material is allowed to be carried away with 
the dirty water, and for other purposes. 

(5.) Bleaching Vats. — The pulp or half stuff is let 
down from the washing engines into vats built of brick. 




stone, or other material, for the purpose of bitaiuuiugui 
making white with chloride of lime. The quality which 
distinguishes the paper of the present day is its white- 
ness, which is obtained by bleaching; sometimes^ the 
bleaching solution is introduced into washing engines, 
and allowed to run about twenty minutes, then emptied 
to the bleaching department, where it remains for some 
hours. The stuff is then submitted to the action of an 
hydraulic press. 

(6.) Beating Engines.— Thu pulp after being bleached 
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18 placed in these engines, which are similar to the rag* 
engines, — the only difl'erence being that the cylinder 
with teeth are made to move much faster, about 150j 
times a minute, so that the half stuff is reduc»?d to a fi 
pulp fit to be made into paper. Supposing the revolvingi 




cylinder has eighty-ibur teeth revolving 150 times a 
minute, and the bottom plate has twenty-one knives, i" 




I 



one minute it will make no lees than 264,600 cUH 
Thus a large quantity of pulp is turned out in a fell 
hours, which could not be done hy the nide stamp* 
used in India. When colouring matter is require 
hide the imperfections in paper, it is introduced i 
the beating engines. Recently a centrifugal pul_ 
engine has been introduced to supersede the beatinj 
engine. 

(7.) Paper making and Drying Machine. — From thft'l 
beating engines the pulp when sufficiently ground r 




by which all knots or impurities are lield back. The 
clear pulp is received upon sn endleBs revolving wire 
cloth, or gauze, so fine that in one square inch there are 
3,500 to 5,000 holes. The wire gauge moves over a 
series of copper rollers to which a shaking motion is 
given by machineryj to facilitate the escape of water 
through the pores, and to distribute the pulp equally. 




By means of air-pumps and other contrivances the pulp 
advances on the wire gauge solidifies, and passes 
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onwards to a pair of rollera, the surfaces of wbich are 
kept wet by a jet of water, so that the pulp may not 
adhere to them. Then it is Huhjeeted to slight pressure, 
which is repeated by another pair of rollers ; and at 
the same time a water-mark or any other design is 
impressed on it. The half-formed paper tow passes 
upon an eldlees felt, and receives on its way more 
pressure from other rollers, then passes through size 
solution, and is conducted over a series of large cylin- 
ders in which steam is employed to dry the paper. 
Thus liquid pidp is made into finished paper within 
three minutes in this machine. 

(8.) Paper Cutting MacMne is generally attached at 
the end of the paper making machine. As soon as ths 




paper to be cut off descends from a drum it is taken 
hold of, and the length instantly cut off by a movable 
knife. After being cut, the paper shdes down over a 
board in sheets, and is removed. The paper travels in 
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the machine at about eichty feet per minute ; it ia 
temporarily arrested while being cut, and yet so 
beautiful is the contrivance employed in the machine 
that the paper is not creased in the slightest degree. 
There are paper hag machines also in which from a con- 
tinuous length of paper the proper quantity is cut offj 
folded, pasted and delivered. From 1,000 to 4,000 
bags per hour of a capacity to hold from two to twenty- 
eight lbs. can be thus made. 

(9.) Finishinf/.—The cut paper is counted into quires 
of twenty-four sheets, and afterwards into reams of 
twenty quires ; these are subjected to very heavy 
pressure in an hydraulic press, and then sent to market. 
The water-mark seen in some papers, and which is 
given to the paper when hali' formed, was originally 
adopted for the purpose of distinguiBhing the sorts and 
sizes of paper. The foolscap, the head-dress of a fool 
who in former times formed part of a great man's esta- 
blishment, was a device of a later period, and a paper 
of a particular size is still called foolscap. The maker's 
name is now generally used, hut in some cases more for 
ornament than distinction. The water-mai'k in bank 
notes and other documents is very important to detect 
fraud. 

Varieties of Paper. — Manufactured paper is divided 
into many classes, hut chiefly into three, writing paper, 
printing paper, and broron paper for wrapping. Blotting 
paper is not sized, and is rendered absorbent by the 
free use of woollenrags. Parchmeytt-pa.'peT is now made 
by immersing paper in a weak solution of sulphuric 
acid, quickly removed and washed off; this treatment 
produces great toughness, and gives the paper the 
appearance of parchment. 
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■ESTIJIATES FOR A PAPEK MILL. 
MaehiHtnj at jIoipm on Plaj! L. 

Kiig-chnnpLT, or ropc-enttinK macliioe, with self-acting feci! 
mutiOD, Oil of knives, pullayB, complete, if reqniiuil . 

liag--diiBltirH nod wUIuwh, with, wraufrht-iroa Bhflit, leeth, gal- 
yaniaed wire, wood casing, coniplBte 

2 RBTolTing rag-boilara, intTuding all wheels, pnlleys, steam- 
pipes, &e., to hold one ton of rafis, complete 

4 Waiihuij* entnines, includin); cast-iron trough, with &^ steel 
bai-s in liHth ruli,buttoiu pinto with 11 steel jiura, liFtiog and 
drivinii; tatklo, and fittings 

For bl-judiing charts — the QBcesBttiy fittingB, and un hydraulic 
pTpaa, 10" diameter, for half-Btnff, with half-stuff boxes lined 
with copper 

4 ]3outing'-enginea, inclnding cuat-iron trough, each roll with 
B4 Etoel bars, bottom pints with 21 steel bain, lighters fiied 
to lift from both sides, complete 

Cast-iron girders and coluinns to support rag-engines and 
shafting, and also tii surve as drains ; pipes and valves to 
supply nil rag-engines, and connettiona ; gearing, indnd- 
ing shafts, wheels, pulleys, driving-helts, dfc- 

1 Paper-making machine, to make paper 72 inches wide, in- 
clndiog 2 uon stuff-chesta 10" diameter, 6 ftet deep, with 
agitators, pulp-regnlator, sand -cstc here, brass tnottor for 
brown and white papers, "Wire part, including breast roll, 
SB copper under tube-roUe, 4 copper rolls, copper dandy 
roller, brass deckle, apiiaratus for regulating width of paper 
BJid guiding 3o feet of wire, aii-pumps and self-a«ting 
vaouum-boites, suve-all, pair of couchor or first-pressing 
rolls, pairs of metal first and sovund pressing-rolls, rogulatoia 
for strotohing and guiding felt, shake apparatus, with stands, 
pulleys, wheels, &c. Drying-machine, consisting of 10 
uylinders S 6" diameter, fitted with steam and eiliaust pipes, 
each cylinder to have a lifter to act either way, strong cir- 
cular framing, cast-iron felt-rollers, copper leading-rollers 
to lead the paper round the machine. Sizing apparatus, 
including 2 brass rolls 8" diameter, iron size-box, with tit- 
tings, complete. Calenders for smoothing paper, 4 rolls 1 2" 
diameter, with all fittings, complole. All shafUng, stimda, 
pulleys, fixings for driving paper-machine, complete, with 
wheels for changing the spaed of machine ; 1 revolving reel, 
complete, felts, &c. ; 1 steam-engine, high-pressure, cylinder 
12' , stroke 3', for driving paper-machine, "with arrangement 
for using waste steam tot liiying paper . . . . 1 
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1 Paper-cutting machine, longitudinal and tranaverse motiomt, 
cast-iron framing, revolving knife, pulleys, &c. . 

I Hydraulic press for finishing dry paper, ram 10", including a 
Bet of hydraulic pumps with brass barrela, complete . 

Steam-engines, a pair, high-pressure and condensing combined, 
60 horee-power, hut and cold water pumps, vacuum-gauge, 
governor, fly-wheel, with all connections, £c., plates for 
bottom of engine foundations, and for pump and condenser, 
&c., complete ; 3 boilers of wrought-iron, with all the neces- 
sary mountings, injector, &c. ; accessories and extras, including 
the necessary wire- work and knives for rag-cutting tables, 
rag hoiat, water-ciBtems with pumps to supply rag-engines, 
pipes for taking pulp to stuff-chesls, extra articles ibr paper- 
nmking machme, iron rails with turntables for bleach- 
house, kc, bonea with wrought axlea for carrying material, 
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DIMENSIOKS OF A PAPER MILL. 

MacAinert/ ai ihown on Plan ~L. 

Scale: 40 feet =^ I inch. 
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REMAUKS ON PAPER MILL. 

TiiE estimate includes all macliinerj' for the general 
manufacture oi' printiiigf writing, and^packing papers, 
to be made from rags, old gunny bagging, or aiiy ma- 
terial likely to be used for such purpose. 

Paper-making machines vary in width from 54 to 
102 inches ; and it is the width of the wire gauze of the 
paper machine which is the principal element for deter- 
mining its capabilities. The estimate is given for one 
machine, which will make paper 72 inches wide ; this 
is a medium size generally adopted in England. 

R/zffs will answer very weU both for printing and 
writing papers. From straw a thick brown paper 
made in England ; but for printing and writing only an 
inferior description can be produced, and of little com- 
parative strength. The cost in England of producing 
two kinds of paper of equal quality, one from straw and 
the other from rags, is nearly equal. The waste, and the 
expense of preparing straw pulp for the production of 
paper, are so much more for chemicals, power, and 
labour, that in the end its cost nearly equals that of 
rags. In India and China it will be far cheaper to use 
rags, or any such material, for making paper, than 
straw or grass. 

T/ie waste in working rags in the several processes 
of dusting, washing, boiling, and reduction to half stuff, 
will be in pi'oportion to the quality of rags. For very 
fine white rags about 10, for coarse 13, for coloured 18, 
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1 for old pack cloths and ropes from 20 to 30 per 

fflt. is the approximate average of waste. In boiling 

3, lime or soda is used, the choice depending entirely 

on its cheapness. By using revolving boilers there has 

been over the old method an economy of lime 50, of 

time 67, and of fuel 38 per cent. 

The production of paper from the 72 inch machine 
will be 8 tons, more or leas, per week, according to the 
speed at which the machine is driven for different quali- 
ties of paper. Paper mills in Europe generally work 
day and night. The paper mill near Calcutta, working 
with improved machincTy, has made lately arrange- 
ments to work at night hy gas made on their premises. 
Writing papers, highly finished, require great care in 
the preparation of pulp, and also a large amount of 
labour and machinery is required in finishing. It woidd 
B well, therefore, if attention is solely confined to pro- 
e paper of that quality for which there may be the 
»test demand. 
In sizing a certain class of printing papers, animal 
lelatine, made from the parings of bullock or bufelo 
llides, with a mixture of alum dissolved in it, is used, 
md placed in a trough between the drying cyhudera of 
P<&e paper- making machine. 

Water for the manufacture of paper will be required 
in abundance, and that of a good quality : about 80 cubic 
feet per minute, besides the quantity required for con- 
densing steam-engine. In the production of fine paper 
the quality of the water is very important ; and it is for 
this reason that paper mills in England are widely scat- 
L tered, being generally built near pure streams of water. 
I' If the quahty of water is such as to require filtering, 
l-two or three large ponds will he necessary to settle it. 
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In the paper mill near Calcutta, the water Las 6ret ta\ 
be pumpoil from the river, and then settled in largej 
^jonds, and again pumped into the mill cistern ; this hasi 
coat a good deal. Pumping apparatus will be req 
according to the depth of water to be raised into th( 
tanks. If clear water coidd be obtained by a singlei 
pumping, the arrangement would be simpler, and mucki 
less expensive. 

Water power may be employed in driving the ma--; 
chineiy for preparing the half stuff for making paper,: 
if the fall of water near a stream is sufficient, and to- 
be relied on at all seasons, which is not generally tlie' 
case. The paper-making machine is invariably driven 
by a separate small steam-engine attached to it, as it 
requires a perfectly regular motion ; and the waste steam 
is employed in heating the cylinders for drying the 
paper. 

Artificial parchment is also made in England from 
the parings of raw hides, by process of manufacture 
identical with that of a paper mill. 

The cheapness of many foreign papers is due to a 
large proportion of white clay in them ; some samples 
contain 30 per cent, and more, the presence of which 
is not apparent from external appearance. 

The Plan L of the Paper Factory shows the rag store 
room apart by itaelf, separate from the main biiilding ; 
aa the rags, from containing moisture and being over- 
heated in a closed room, are liable to take fire. The 
store room for rags is below, and tables for rag-cutting 
above ; from which room the raga are carried to the 
adjoining room for dusting, then to the boiling room, 
then to the rag engine room, which is one story high, 
in which there are columns and girders, included in the 
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Setimate. This is a great improvement, as it serves for 
Sag engines, for supporting shafting, for carrying off 
' B dirty water, and also for drainage of the rag engine 
This arrangement will also save masonry work, 
^fear the rag engine room, in the adjoining wing, are 
I chests for half stuff, and the paper making and 
cutting machines ; next to it are the finishing and pack- 
ing rooms, warehouse, and offices. 

The cost of machinery and hvtildings, water tanks, &c., 
may bo roughly calculated at from £17,500 to £20,000. 
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PAPER MANUPACrURES. 



QUANTITY AND VALUE OF PAPER AND STATIONERY 
EXPORTED FROM GREAT BRITAIN TO INDIA.* 



Year. 


Paper. 


Value. 


stationery. 




cwts. 


£ 


£ 


1866 


27,335 


91,713 


31,777 


1865 


25,481 


90,123 


32,937 


1864 


30,642 


105,634 


32,867 


1863 


28,277 


98,174 


37,323 


1862 


30,403 


104,945 


31,220 


1861 


19,302 


89,977 


35,811 


1860 


20,187 


96,752 


35,622 




Including 


paper and 8 


tationery. 


1859 




174,811 




1858 




177,882 




1857 




160,837 




1856 




171,740 





* From Board of Trade Kelums, 



IRON FOUNDRY AND WORKSHOPS. 




INTRODUCriON. 

[ The commerce between Asia and England, and other 
} parts of the world, is now conducted by a prodigious 
' mercantile fleet. One single steam navigation com- 
pany — the PeninBular and Oriental — possesses nearly 
fifty large steamers, a number equal to the navy of a 
second or third rate state in Europe ; and some of them 
nearly 3,000 tons burthen. The Company has a capital 
of £3,300,000. 

At Calcutta, and in the magnificent harbour of Bom- 
bay, may be seen at one time hundreds of vessels with 
the flags of all nations flying on their masts. For 
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repairs of vessels, making good any breakage of 
machinery, and such other work as must be executed 
on the spot without any delay, the Peninsular and 
Oriental, and other steam navigation companieB, have 
eetablished iron foundries and iron workshops, fitted 
with iraproved machinery. But it will be scarcely 
credited that, in several porta, for instance in Bombay, 
where, besides the shipping, there are several cotton 
presses, cotton mills, and other industrial works, carried 
on with the aid of machinery, up to within a few years 
all the private work in repairs, or making good the 
breakages in machinery, was obliged to be executed in 
the Government Gun Carriage Factory, and was, of 
course, done at the leisure and convenience of the 
Gh)vemmeut officials ; though now there are two or 
three small private iron foundries and workshops, but 
not one worthy of the name. 

It is in the iron foundry and the smithy that the iron 
is converted into several required forms, either by casting 
it in the foundry, — or in the smithy where the pig-iron 
is turned info malleable bar iron. Then it is shaped 
into different forms by various machines designed for 
the special work, either by cutting off the superfluouB 
portions in the form of chips, or by hammering with a 
ateam hammer, and producing a given form by shaping 
and joining all pieces together. 

Inmachine tools, agood many improvements have been 
introduced iu Europe from time to time. In England, 
Mr. Whitworth has aimed at nothing short of absolute 
constructive perfection, in which he has been so suc- 
cessful, that in other departments of machine- making 
his principles have been adopted. It was he who first 
appreciated the importance and value of a method of 
scraping by machinery for obtaining true surfaces ; 
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seeing that by the old method the emery used for 
grinding became fixed in the pores of the metal, causing 
a rapid wear of the surface, iphich at one time impeded 
the progrcas of improvement in construction. 

Along with true plane surface, the raeana of accurate 
measurement were thought by him of primary import- 
ance, and are now imiversally acknowledged. In the 
workshops of Measra. Whitworth, in Manchester, now 
carried on by a Limited Liability Company, may be 
seen a small machine by which a difference in length or 
thickness of the one-millionth part of an inch may be 
detected ! Mr, Whitworth also introduced a uniform 
system of screw threads, which, from its merit, has 
now become very generally adopted, and standard 
gauges of aizo are manufactured for use in all work- 
shops. It was Mr. Whitworth who first adopted the 

I principle of hollow casting for giving strength with a 

'- ^m'niTniim of material. 

Lathes are now made in Europe that would turn with 
ease a mass of fifty tons in weight, or as many feet in 
length ; planing- machines that will bring to truth and 
flatness surfaces of 40 feet by 10 or 12 feet ; boring- 
machines that will scoop out cylinders more than 12 
feet diameter ; slotting-machines that will gradually 
chop asunder a block of steel a yard thick ; shears 
that will bite through a bar of forged iron a foot wide ; 
and steam hammers of twenty tons and upwards, falling 
twelve feet, whose blow at a distance is felt as that of 

I an earthquake. All the machines in the tuming-ahop 

' are so completed and connected in a series that each in 
turn takes up the work from a previous one, and carries 
it another step towards completion ; ao that the atten- 
dant merely conveys the work delivered from one 
machine and places it in the next, finally receiving it 
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complete from the last machine. These several 
machines for working in iron, brass, and other metals 
are self-acting, work with great precision and extrem.e 
accuracy, and are adapted to the nature of the work, 
whereby the need of skill and dexterity in the work- 
man is not so indigp en sable. 

A self-acting fan is now an indispenaable machine 
in smithies and foundries, and is also in very general 
use in several other manufacturing arts. Compared 
with the blast of the old bellows worked by hand, 
it is far superior, and gives a uniform stream of air. 
By its means the smith heats his work with great pre- 
cision. In the smithy the main pipes from the fan 
are furnished with nozzle pipes of different diameters, 
and the pressure of the blast varies. The fan is also 
used in foundries, with a cupola furnace. 

In India some people piide themselves upon execut- 
ing all kinds of work with a simple tool. But this is 
a mistake, and the more so if the merit of the work 
should show a natural aptitude in the workman ; for it 
is certain that if he has made good work with a bad 
tool, he would make better with a good one. Let Asia 
work with improved tools, and her progress in the arts 
will be rapid. To work with a few primitive tools 
when better tools exist is a loss of strength and re- 
sources. The machines made in England for working 
in metals have not been surpassed in workmanship, 
precision of action, or beauty of foi-m, by those of any 
other nation. It will be a good sign of the progress 
of improvement if Asia should require of England for 
some years to come machinery a thousand-fold more 
than she does at present ; machincrj' which she is so 
well able to supply, with her coal and iron mines so 
fully developed, to the mutual benefit of both countries. 



PRACTICAL PROCESSES IN IRON FOUNDRY 
AND MACHINE WORKSHOPS. 




Iron Foundry. — The iron which is intended for 
castings is melted ma" cupola " furnace , the blast to 
the furnace being supplied by a self-acting fnn worked 
from a steam-engine. AVhen the iron is completely 
melted, the lower portion of the furnace is opened, and 
the white-hot etream of iron is carried in ladles to he 
poured into the mould. The mould is a box filled with 
sand, in which a wooden pattern of the intended cast- 
ing is pressed, and the sand rammed down. A hole 
in the box receives the melted metal, which by a 
chaimel freely runs into the hollows loft by the pattern, 
and completely fills it. When the metal has cooled, the 
casting is removed. If the casting to be made is not 
solid, but hollow, then solid metal patterns called cores, 
made a little smaller than the hollow left by the real 
pattern, are used. 
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Brass Fimndry. — Brass ia not a simple metal like 
iron, but ia made by tbe direct mixture of copper and 
zinc. The brass furnace is built 
of fire-bricks. The crucible ia 
formed of clay or pliunbago. 
When tbe copper is melted, 
zinc is dropped in, in such 
proportions as may be neces- 
sary to obtain various degrees 
of hardness and colour. When 
the two metals are completely 
I mixed, tbe crucible is with- 
drawn and its contents poured 
into moidds of saud. The 
method of making moulds for 
casting in brass ia similar to 
that for iron. The materials 
for making moulds are fine 
sand or loam, and wood char- 
coal powder, which copies 
sharply all minute details of the pattern.' 

Selj-actino Lathe is one of the principal cutting 
machiTie tools in a workshop, and is tbe oldest as weU 





s the moat aorviceable. The slide-rest is an appendage 
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luriiing -lathe, and is so contrived as to hold a 
tool finnly to the work. The tool is held in a sort of 
iron hand or vice, which is made to move in the re- 
quired direction hy means of a slide by turning the 
handle ; while the depth of the cut is regulated by an 
under slide. By the separate or combined action of 
the two slides the tool can be made to act along or 
across the work with great accuracy. Lathes are also 
made for ornamental turning, which are most complete 
self-acting tools for the production of regular forms, 
.Iwth simple and complex. 

Self-acting Planing Machirte is an appUcation of the 
.ittlide-rest for smoothing the surface, removing all 
irregnlarities, and pi'oducing a correct plane. The work 
is firmly bolted to the tatde, moving backwards and 
forwards imder the cutting tool, which admits of 
accurate adjustment. Some machines are made to 
plane in both ways while the table advances and re- 
turns ; but a great number are made to plane in one 
way, and a quick return motion is apphcd to the table 
to increase the performance and shorten the time. The 
cutting tool is kept cool during the work by allowing 
cold water to drip upon it, otherwise the edge would 
become soft. 

Self-acting Slotting Machine is designed for the pur- 
pose of drilling slots or sinking slots through pieces 
of metal, or by cutting out of the solid metal. It is 
useful in replacing the labour of mechanics in chipping 
metal; it is further useful in economising the labour of 
amiths, as by its varied and rapid operations from a 
shapeless forging a finished form is produced, which by 
hand labour would consume much time, and would in- 
jure the quality of the meta.1 by repeated operations. 
The efficiency of this elot-di'illing is due to the form of 
the drill. 

Self-acting Vertical Drilling and Boring Machine 
lias its frame hollow, and for levelling and fixing work 
Then too high for the table the foundation plate ia 
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Bimple, and the table ia raised or lowered by means 
' a screw and a handle. 

Self-acting Radial JJrilling Maehim is made with a 
dial arm or jib carrying the drill, which is movable, 
t win compass any object within its range, according 
\ the size of the machine. A means for turning the 
b on ita centre for adjustment or otherwise is provided 
L different waya by different makera. It ia hung and 
wivels upon a bracket sliding vertically upon the 
ftt surface of the frame to any required elevation. 

Self-acting Shaping Machine is used for shaping 
trers, connecting rods, cranlts, and similar articles 
VB,i do not admit of being finiehed in the lathe. There 
te several self-acting motions for shaping horizontal, 
wtical, angular, and circular work, and also for hollow 
arves. For holding the work vertically or longitudi- 
ally there are tables. Shaping machines, like planing 
Hichines, cut one way, and are driven with a quiclc 
rtum motion, excepting for the smallest sizes. In 
ime of these machines, instead of the work traversing 
nder the drill, the drdl traveEs over the work. 
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ing holes and for shearing or cutting phites in the smithy 
and boiler shops. It has a triplicate lever applied for 
working the punch and aheai's, also for spacing out the 
rivet holes precisely to the length of the plate. Th^ 
punch for making holes in the plates is balanced by i 
lever, and it may be raised or put out of action withoisf 
stopping the machine. Thei-e is a contrivance for ai" 
mitting long lengths of bars or narrow plates to 1 
placed and cut ofl' in the machine. 

The Steam Hammer is capable of so gentle a world 
as cracking a nut, or of so tremendous a power i 
crushing a mass of iron. By means of a valve whic 
is worked with ease and celerity, the velocity and foro 
of the blow are regulated according as the nature of tW 
work may require. The force of the blow may be varied' 
instantly, from the utmost intensity to a mere touch, and 
any number of blows may be given with any rapidity up 
to 280 per minute. The hammer is worked withetraia;,— 
as the hammer rises the steam is shut off. 
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EBTUIATES FOE AN IRON FOUNDHY AND MACHINE 
WORKSHOPS. 

IttON FoVSDUV. 

£ 

1 Cupola fittings oi)m)jlcte 230 

1 Fan, 42" coinpleto SI 

I Qrioding iniTl 260 

1 li^ireUing crana, apan *0 281 

Uuvellaneous, incluciiug a 3 tKin ladle, 6 small ladles, G lifting 

chainfi, care carriage, atove door, &c 206 

SuTTHY Asi) Boiler Shop. 

S BmlthB' hearths 309' 

i Fan, 22" 30 

t Plate liending machme, 6' 241 

1 PuDohing anil shoaring macluDe 156 

1 Sleam hammer 19S 

UiBCellanoous, grmiletoue complote, sets Hmitlu' tooU and ham' 
mera, Iwiler loakera* tools ami hammerB, aixvils, hlocks, 

Btanik, &c 653 

TtlBNDSO AND EilEimXG ShOP. 

I Slide breaJi lathe, to take in 20 feet botwubu ctrntriia . . 471 
I Slide and acrowcutting lathe, bed 20 foot long . . .207 

1 Slide screw-catting la'^e, hed 15 feet long .... 166 
1 Slide Bcrow-cnttinglatlm, bed 12 feet long . . . .129 

I Hand-turmng laths, bed 16 feet long IIU 

1 Hand-tarmng luithe, bsd 14 feet long 92 

1 Hand-taming lathe, bed 12 fuet lon^ 79 

1 Planing machine to plana 12 by 4-6 by 46.... 423 

1 Planing machine to plane G hy 2-6 by 26 . . . . 148 

1 VdrticaJ drilling machine to admit 3'-8" diam., double geared 106 

1 Badial drilling machine, 8 feet radius SSS 

1 Badial drilling machine, 4 feet <j in. radiua .... 132 

1 Shaping machine, stroke 12}" 140 

1 Shaping macliiue, stroke 9" SB 

1 Slotting iQiichiue, struko 18" 247 

I Slotting machine, atnike 12" 143 

1 Vertical boring machine 333 

1 Serowing machine .... ..... 97 

2 Grindstones with frainfifl 7fi 

Miscellaneous, including sets drills and st<.«l tools rctjuired for the 

machine tools, chipping hammers, steel chisels, cylindrical 

^uges, and sundries 203 

I High-pressure steam-engine, hoiler, j^oring, shaiting, pedes- 
tala, strappiog, &c. Packing and free delivery on board 

& vessel 2,212 

£8,607 
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1 12-iiicI] double-gBBied sliding 3nd BUrow-cuttiiig lathe, aelf- 
acting bed 15 feet long, complete, wiUi componnd. slide-ieet, 

I PlB:aia|j; machiiie, self-actii^, to plane 6X^X3, with quick 
• —'- "n motion, uomplete ' 

1 drilling nuu^ce, i 
with radial tabic, ahail, pulliiyn, complete 
1 Set taps and diea to (screw J tu 1", (wmplete in case 
1 Grinding-Hlone, set al etmil drills, drilling tackle, a 

tools aiul Bundrios 

1 Steain-Bngine for driring all machines, complete ; 
aDting ba worked by engine for smitb's lieait^ coi 



DIMENSIONS OF IRON WOEKSHOPS. 

Machinery at ahaicH oh Plas M, 

Stale : 30 feet = 1 inch. 
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Iron foundry 

iimai foundry, &o. , . . 

Turning and orouting shop 
Smitliy and Loiler-making 



IS 



12 



•2\a 10 



2,1 6C 



3,796 
Iron Htorn-room, patlpjn [ | ^gg | ^j | 4,356 1 20 

TotiU of Bijuare feet and cubic foot 20,3 



{ 217,0! 

87,12C» , 
678,71*/ 
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REMARKS ON MACHINE WORESHOPS. 

The estimate includes all machinery for iron foundry 
and workshops, on sucli a scale aa to answer all pur- 
poses required in places visited by shipping, or where 
large industrial works are carried on with the aid of 
machinery — such as cotton presses, cotton, jute, and 
other factories, &c. Besides repairs, and making good 
any break-down in the machinery, the foundry work- 
shops will be capable of turning out new steam-engines, 
boilers, and new machines of a moderate size, complete 
in every respect, and similar to those made in English 
establishments. 

The Plan M shows the arrangement of the whole 
works. In the front wing, on one side, is the pattern 
shop, in which a facsimile of the article required is 
made in wood. Next to the pattern shop is the store- 
room for these patterns. The iron foundry which 
adjoins receives these wooden patterns, and takes an 
impression of them in sand, running melted iron into 
the sand moulds, and thus producing the article in iron 
of the exact required form. As such casting of iron or 
brass is, comparatively speaking, rough and inaccurate, 
it is sent to the machine or turning shop, fitted with 
machine tools, to be turned, planed, and shaped. In 
the erecting shop all the difi'erent pieces of the whole 
work are fitted, completed, and made ready to be de- 
spatched from the works. This is the course of any 
piece of work executed in cast-iron. Wrought-iron, 
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BRICK WORKS. 



Machine for tiles and pipes, also for solid or hollow hricks, 

worked by animal power 65 

Tile pressing machines, from £25 to 1 135 

Mortar and loam mills, from £40 to . ; . . . j 
Machine with pug mill, revolving table, moulds, steam-engine, 
boilers, with all fittings complete, capable of making 10,000 
bricks per day by dry procest ...... 676 

Clay crushing rollers, 20 to 25 in. diam., complete, from £25 to . 130 
Combined roUers with pug mill, from £100 to . . . . 176 . 



DIMENSIONS OF BRICK AND TILE WORKS. 

Machinery <u ahoum on Plans P. 
Scale : 16 feet = 1 inch. 





Length, 
feet. 


Breadth, 
feet. 


Sgnare 
feet 


Height, 
feet. 


Cubic 
feet 


Wet process machinery for ) 
making bricks . . . / 

Dry process machinery for \ 
making bricks . . . / 
Boiler house 


46 


38 


1,748 


15 


26,220 


70 
27 


27 
9 


1,890 
243 


20 
8 


37,800 
1,944 


Total of square anc 


L cubic 


feet 


2,133 




39,744 
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according to the amount of capital tbat may be proposed 
to be invested. 

In a description of the extensive works of John 
-Brown and Co., Shof&eld, where large quantities of 
*»il8 are manufactured for Indian railways, the " Engi- 
neering Journal," November, 1866, stated tbat "small 
qnantities of Indian iron have been obtained, and it 
laas proved fully equal to the best Swedish." The 
Infilled English pig iron is not sufficiently pure for 
conversion into steel, and large quantities of Swedish 
iron ai-e imported into England for that purpose. 

The machinery in some of the Calcutta jute factories 
has been made there, though a major portion has been 
Bent over from England. 

In every factory or mill estahlished for any purpose, 
a mechanics' shop lilted up with tools, more or less in 
numher, wiU be required, in proportion to the size of 
the factory, and the local facilities afforded for effecting 
repairs or making any new articles. A separate esti- 
mate for a mechanics' shop has been given, which will 
be applicable to a great many factories of moderate 
size. The best plan wQl be to drive the machine tools 
by a small portable engine, independently of the large 
engine in the factory. 

In almost all towns in India, working in iron and 
brass is carried on for making domestic utensils, and 
for such other purposes, but by very rude and imperfect 
appliances, and entirely by manual labour. Thousands 
of hundredweights of yellow metal sheeting and sheet 
brass, besides large quantities of other metals, are im- 
ported into India. There is great room in some 
respects for introducing improved machines and appli- 
ances for working in metal, for articles in common 
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t-nerr-daT ubg, vhki are now prodncted by iDdividoai^ 
efl'urt« or lumdicraftB bU uwi India and other parte a 

In Bomlny. a native foreDUUi emploTed at tlie gam. 
lawriage fei-torr was the firet to start a small inMl 
ioundrr, and hy honesi industrr snooeeded bev'Mid I 

d in a few reare made a fortune. Hu. 
ha» been foDcrwed bv two or three others 
wi& fwa^iete nocceBS. But there is soU a want iiL 
Bocabaj 8»d other places of an iron foimdiy and worit 
tshops on a scale wurthr to be called br that nam& 
Calcutta eoems to be hetticr off in this respect, chiefly 
on accoimt oi' the larg^ numbers of Europeans in the 
Ilengaj Presidency ; and more by their entierprise tl 
that of the natires, the iron ibundries and worksbi^ 
in Calcutta have been eBtabliehed- 

T«ro English gentleonen connected with the iron 
trade, who went to the Continent for the express pur- 
pose of making inquiries on the subject of foreign, 
competition, wrote to the London Ti'tnrs, DecMnber, 
1866, that "Belgium and France have thrust us out 
of the foreign marketa They have almost monopoliaed 
in Russia the trade in iron for railway purposes. They 
make the rails, they supply the locomotive engines, tl» 
roofs for stations, and pdhirs, and they build the c 
riages. A like state of things obtains in Spain. Erea 
at home in England, within our own boundaries, these 
pushing people are challenging our supremacy." 
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ttn. 


C«re«. 


Zlno. 


Tin. 


Iron. 


SteeL 














IBSS 


1,661.987 


101,887 


26S.662 


686,712 


80.943 


1B8< 


1.861,416 


119,863 


161,924 


724,708 


40.963 


1B63 


1,168,641 


97,190 


104,384 




80,129 


IB63 


SS1,098 


110.418 


130,065 


603,223 


96.773 


1861 


1,082,812 


120.fi27 


121,783 


454.438 


46,617 


IS60 


820,136 


226,036 


95,362 


571,839 


63.967 


issg 


851,947 


88,316 


64,886 


1,107.222 


73,110 


18S8 


3S9,049 


45,SB3 


88,266 


494,064 


61,680 


1857 


387,431 


58,974 


37,208 


464,676 


33,317 


18S6 


322,tS5 


60,738 


66,009 


222,261 


29,871 


18SS 


260,220 


47.961 


63,434 


218,674 


30,446 


.18S« 


376,2*2 


9,475 


46,044 


102,103 


16,992 


18S3 


210,230 


11,303 


77,868 


146,248 


10,216 


1852 


441,412 


11,632 


71,638 


314,398 


I2.S35 


1851 


878,923 


78,994 


68,673 


464.649 


14,316 



Ye«, 


M^laH. 


MacblnetT. 


Y^. 


Man u fuel tired 
MelHl. 


Mschlnerj. 




£ 


£ 




£ 


£ 


Ififlfi 


608.104 




1857 


658,329 


244,443 


1864 


418.673 


685,616 


1856 


788,859 


435,612 


1863 


424,188 


506,618 




312,304 




1862 


383,894 


553.883 


18S4 


286,671 


52,788 


1861 


386.748 


870,261 


1863 


217,817 


28,467 


1860 


454,457 


871,631 


1892 


246,701 




1869 


447,011 


687,566 


186! 


245,393 




1868 


378,889 


466,453 


1860 


166,139 





TIMBER MILLS 




INTROT»jnTIf»i. 

Evert odd ig more or less interested in timber, 
largely is it used in building Houses, factories, boatc^ 
ahipa, furniture, ai]d for other like purposes, and also Bi 
fuel in many countries. Though a saw-mill for cutting 
logs of timber, moved by water power, was in uae itk 
Europe in the thirteenth century, on the Malabar coin 
and in Bombay machinery for cutting logs of tirabet 
was not introduced and worked euccesBfulIy until withiii 
the last six years. It waa introduced, not by any native 
hut by a European firm fully engaged in the cotton 
and other piece goods trade. There is a general com 
plaint, particularly in Bombay, that house rent ii 
ceseive and living very dear; and this is a matter of 
no surprise, when we consider that logs of timber used 
in buildings are brought to the place where the build- 
ings are to be erected, and eawn by the tedious prooesa 
of hand-labour, and that the firewood is cut by hand 
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up to this moment in Bombay, a city which has more 
population than either Liverpool or Manchester. In 
England, in the smallest town even in the country, 
there is always a yard stored, with timber, cut by 
machinery, of all sizes used in the building trade, 
well seasoned ; and a house or factory can be built in 
less than one-fourth the time taken in India. For pre- 
paring all parts of doors and windows, machinery is 
employed ; and large factories have been erected in 
some parts of Europe for turning out doors and windows 
for export to London and other places ; while the same 
work is done by hand in India. For this reason, in 
Borae of the Bombay mills built latterly may be seen 
hundreds of iron windows made at Birmingham, which 
have cost less than timber windows wouM have coat. 
As in iron work, so in timber work, there are machine 
tools designed for the special work intended to be per- 
formed. Machines are made and used extensively for 
sawing timber, planing, edging, tonguing, grooving, 
and moulding, by which the production of work has 
been increased, and the price chi 




TIMBER WORKING MACHINERY. 

Timber Frnme» are designed for sawing round t 
HQuare logs of any description of timber into boards or 
pWlcs of any required thicknesa. They are fitted with 
uprigEt saws, and the timber to be cut U placed on an 
iron rack carriage with quick motion for running for- 
ward or backward, the speed of which is regulated 
irith any degree of nicety. Adjustable clips for hold- 
ing the timber whilst being sawn are attached to the 
carriage, for the purpose of following the irregularities 
of the logs. These machines are made to take in a 
log of timber from 50 to 20 feet long, and to saw 
from 42 to 16 inches. They carry one saw to eTery 
inch in width of the machine, according to the size it 
is made, and require from 10 to 3 horse-power to drive 
them. There are also circular saw benches made for 
cutting timber, plain or self-acting, with travelling bed. 

Roller Planing Machine will plane, joint, tongue, 
and groove all kinds of timber, effecting all the pro- 
ceases at one operation, or each singly. The timber is 
propelled through the machine by means of rollers, 
some of which are so arranged that they can be 
raised or lowered together for various thicknesaes of 
timber, by turning a wheel at the end of the machine. 
The under side is planed by two fixed cutters, which 
are easily taken out for sharpening. A revolving 
cutter is placed before the stationary cutters for the 
purpose ot taking off the rough surface, and the edges 
are eithir jointed, rebated, or tongued and grooved, by 
means of cutters fixed in two revolving blocks. 

Moulding Machine is adapted for cutting single or 
double mouldings of any pattern, and giving a smooth 
finish to the mouldings. The boanls are brought 
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forward by revolviDg feed-rollers, and the action of 

moulding ia done on all ita surfacea at once by means 

of four sets of revolving blocks carrying cutters of the 

shapes required, running at great speed. The monld- 

inga are cut with great accuracy. Boards are also 

planed in this machine by attaching plain or straight 

cutters to the top and bottom blocks, and edged accord- 

" Lg to tho kind of cutters fixed to the side blocks. The 

lards pass through this machine for moulding at the 

ite of from 10 to 30 feet per minute. 

Circular Moulding Machine is adapted for moulding 

■clea and wood of any irregular shape, such as circulai' 

leads of sashes, hand-rails, table edges, and various 

' Ings in joinery and cabinet work. 

Veneer Sawing Machine ia for the purpose of cutting 

kinds of hard and fancy woods into slices or 

leers. The saws are extremely thin, and are attached 

segments to a cast-iron diac, which is truly turned 

id balanced. 

Cross Cut Saw Bench is intended for cross cutting 

to any required length, and squaring all the 

to the greatest nicety. 

Tenoning Machine is designed for cutting the end of 

piece of wood so as to fit into another piece, and is 

'Applicable for doors, windows, sashes, shutters, and 

other joiner's or cabinet work. The double tenoning 

machine is particularly applicable for cutting double 

tenons in framing for railway carriages, wagons, and 

■flther heavy descriptions of timber. 

Vertical Boring Machine ia made for cutting holes 
wood, and will bore boles of any size up to 3 inches 
diameter, and 16 inches deep. It requires about one 
horse power to drive it. In some machines the cutting 
tool operates vertically, and in other machines hori- 
zontally. In machines of this claaa some are made in 
which a round hole is bored, and then other lools follow 
for squaring out the four corners and aides. 



ESTBIATE FOR A TIMBEK MILL. 

L TimlK^ frame, 36 incht-B, for cutting logs or treefl into 
boards or acBntlinga, witk inelt-auTiage, worked by a 
pinion, with quick motion, clips, and saws, each buckled, 
complete SS9 I 

I Flauiiig madiiiie, for working timber up to 5 x 12, and 
for jointing, tooguing, and grooving, eitLcr in one com- 
pound opoTtttioa. or singly ; includuig assorts irons of 

1 Moulding mai'liuie, capable at moolding up to 3 x 9 ; 

calendar roUeiB, including 1 Bet of eatlere, complete . 
1 Veneer sawing macliine, with 1 0-feet disk, sliding car- 
riage, with rack and pinion, setttng-in motion for the 
required Quckoess of veneer, inclnding 1 act of segmonts, 

complete 

1 Plain saw bench, to carry a saw 42 inches diameter, with 

spindle and pulley, including 2 Haws, 36 and 42", complete . 

t Steam - engine, horizuutaJ, Ingh - pceBsuie, diameter of 

cylinder 16", stroke 30", fitted with piuten, governor, 

improved valve, water heater, &c,, complete ; 1 boiler, 

20 y S-6, fitted with sOiretr- valves, water and steam- 

^H gaugeHj &C.J complete ; shAfting and goaiing for driving 

^H all machinery, including all wheela, coupUngs, pulleys, 

^H pedeetals, columns, lubricators 

^H Miscellaneous, including moulding grinder, grinding machine, 
^H heltB for driving, extras, and sundries; and packing, and &ee 
^H delivery ou board a vessel 

^M £2,on-| 

^M ESTIMATE FOR WaSDOW AND DOOR SIACHINEKY. 

^^M 1 Squaring machine, for planing und squaring timber for the 

^^H framing of doors, sushcs, &c., to plane 18 feet long by 18 

^^1 inches wide, with diak anil cutters, travelling-bed, imJuding 

^^M 1 Crosa-cut saw bench, aelf-Dcting, ananged fur different 
^H thicknesses in wood, includiug 2 aawa 
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£ 

1 Circular moulding machine, for circles and irregular shapes, 

a double-edged cutter, complete 38 

2 Double tenoning machines, bed having a lateral slide, 

cutter, with rack aud pinion and balance- weights, including 

6 cutters, complete 225 

1 Vertical boring machine, for boring holes 3" diam., 16" deep, 

including 6 augurs 46 

1 Saw bench, for sawing, tonguing, &c., parallel fence, &c., 

complete .......... 33 

1 Steam-engine, horizontal, high-pressure, cylinder 13" dia- 
meter, stroke 24", complete ; 1 boiler, complete, with all 
fittings, valves, pipes, &c. ; shafting and gearing, including 
all wheels, pedestals, pulleys, iron columns, &c. . . . 679 

Miscellaneous, including belts for driving and other sundries, 

packing, including free delivery on board a vessel . . 247 

£1,460 



ESTIMATE FOR PACKING-CASE MACHINEEY. 

£ 
1 Cross-cut saw bench, complete, including 2 saws, 16" and 18" . 36 
1 Plain saw bench, complete, including 2 circular saws, 18" and 

24". . • 20 

1 Steam-engine, high-pressure, boiler, shafting, belts, sundries, 

extras, packing, delivery 216 

£270 



232 



TIMBER yVOTiXnfQ MACHINERT. 



DIMENSIONS OF A SAW MILL. 

Machinery as shoum on Flan N. 
Scale, 26 feet = 1 inch. 





Length, 


Breadth, 


Square 
feet. 


Height, 


Cubic 




feet. 


feet. 


feet. 


feet 


Saw mill, for cutting 












logs of timber . . . 


65 


50 


3,250 


12 


39,000 


Door and window-mak- 












ing room .... 


74 


50 


3,700 


12 


44,400 


Facking-case room . . 


65 


. 50. 


3,250 


12 


39,000 


Wheel-making room . 


74 


50 


3,700 


12 


44,400 


2 Boiler houses . . . 


18 


15 


270 


10 


2,700 


2 Boiler houses • . . 
Total of square feet « 


18 


15 


270 


10 


2,700 


md cubic feet 


14,440 


172,200 


Open yard for si 


X)ring t 


imber, ] 


L50 by 40 


feet. 





REMARKS ON TIMBER MILL. 

Machineky for working in wood is made suitable for 
builders, joiners, contractors, and timber merchants, 
each adapted for its special trade, either for temporary 
or permanent works of all sizes, and driven by a portable 
or a fixed steam-engine. 

The estimates for the timber saw-miU and other 
machinery are given for a complete permanent wort, 
and include all machines for sawing, planing, and 
working the same in doors, windows, mouldings, &c,, 
and on a scale to answer all the requirements of a 
complete timber mill. 

With a view of making the estimates useful and 
applicable in more instances than would be the case 
otherwise, they have been divided into tour seta, as 
follows, and the cost of machinery in round numbers 
for each will be for the — 

£ 
Timber eaw-mill .... 2,100 
Window and door mathinerj . . 1,460 
PacWng-caso machinery . . 270 

Whool-mttking machinery . . 2,334 

— including steam-engines and boilers so made as to 
tram wood shavings and waste of the factory, and re- 
quiring a proportion ably less quantity of coals. 

The total cost for the entire works complete for 
carrying on all the operations at one establishment, and 
answering all the purposes of a complete timber fac- 
tory, may be put down — including buildings, and erec- 
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tion of machinery in working order — at from £1.3,000 I 
to £16,000. However, in tlie estimates the price ofj 
each machine, the use of which has been defined, is j 
given separately ; so that machinery for working J 
in timber may be erected on any scale, and any item 
omitted from the estimates which may not be requiredJ 
Thus timber mills may he erected of any size, 
from £oOO and upwards, and fitted with maohi 
adapted for any special work. 

The Plane N of timber mill have been so arrange 
that each of the four blocks may be erected separatelyJ 
or all together as one establishmeut, where all thea 
operations may be carried on one after the other in thaa 
same works, and in the same place. Thus each plan il 
complete in itself, takeu separately, with its i 
engine and boiler, or the four may be combined i 
gether as one, as shown on Plan N. 




CORN MILLS. 



INTKODUCriON. 



Pboviuehue litis Dcattered graii], in many of its 

varietiea, widely over the earth, Rice is extensively 

cultivated in Asia, 

trom whence it has 

extended gradually to 

the southern parts 

of Europe, and has 

been introduced eJso 

into America. WLeiit 

and barley extend to 

all the temperate re- 

For the food of 
man it is well under- 
stood that no article 
is so well adapted as 
com in many of its 
varieties, as it ciMi- 
tains all the ingredi- 
ents for forming and 
sustaining the fat, 
the muscle, and the 
bone iu the human 
body. Throughout 
all parts of Asia it is 
used as the principal 
food of the inhabi- 
tants, more so than in Europe, though even in Europe 
bread is called the staff of life. 






> g ri aJ iag of hbb of A* ■ 
■rtidwof find kas gaaBvanAmbamgeaia 
gtagsatk n, wiAoat maj Mitau i uiMj at ■y to thaf 

In Earope, the art of grindiiig «»n lias a 
aumj modificatioos. Cora mills were en 
>t first wind or water power was made use of ui a 
the stones. But it wan only at the close of the I 
centmy that important progrese was made in the { 
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B of grinding', or in the development of those princi- 
ples by which the whole operation is now reduced to a 
system. By the introduction of steam into corn mills, as 
into every other manufacture, a great change has been 
effected, giving certainty and effect, and reducing the 
cost of working. Com mills are made to depend no 
longer upon the state of wind or the supply of water, 
the whole operation being now carried on by steam 
power. Mills are erected in the very heart of European 
towns, and most of the changes and improvements 
visible are owing to the nee of ateam. 

In a modem corh mill Kttle manual labour is re- 
quired. The com to be ground is conducted by a self- 
acting elevator to a machine, where it is cleansed from 
the duat and other extraneous matters which are found 
more or less combined with it, by the action of a blast 
from a self-acting fan, and the dust is carried off 
through a closed passage to the outside of the mill. 
The grain being thus cleansed is greatly improved in 
whiteness and wholesomeness. It is then taken up 
by another self-acting elevator, and by an endless 
screw -conveyor delivered into the opening or hopper 
which surmounts the millstones. The stones revolve 
rapidly like other machines by wheels connected with 
the steam-engine. In the hopper which supplies com 
to the millstones, a jigging motion is kept up, so as to 
shake the corn over the stones in equable quantities, 
and thus a regular supply enters between the stones. 80 
long as this action is going on properly a little bell is 
made to ring, the motion of which ceases with the 
supply of wheat. The stones are completely boxed in, 
and a blast of air plays upon the grinding surfaces of 
the stones for the purpose of keeping them cool and 
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A CORN MILL. 



MANTJTACTDRING PROCESS Efl. 



{1 ) The SmuiMac/ime IS MsedtoTihe^oTpoic of clenn- 
ing all kinds ot gram before grinding, and separat- 
ing duit and simll 



gravel The 

in the firtt ]ili 

18 elevated frLin 

reservoir m the gram 

Btore-room by a self 

acting apparatus with 

out manual labour, and 

fed into this cleaning 

machine at ita upper 

extremity. Then it is 

thoroughly agitated la 

its passage through 

this machine, in a wire 

cage, and exposed to a 

current of blast from 

a fan, which completes 

the removal of chaff 

and dirt. The result 

is that the whiteness 

of the flour is greatly 

improved, and also ita npy;'' " ,; In;'"., 'J ,, i — ,«'!;ii]i|,||jji 

wholesomeneas, on ac- '■^^^^^ — ' "~" ■ ■ 

count of the impurities being srp.'mni'.l, \\iii,li riilloct 

in the casing. 

(2,) Grinding Stones. — The cleansed com is elevated 
again, and by an endless screw conveyor conveyed 
into the hoppers of the grinding stones, where by 



macliinery a jigging; motion is kept up, bo as to stake | 
the com, and let it fall over the stones in equal qui 
tities. So long as this action is going on properly ■ 
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and grind com effectively. In modem mills an artificial 
blast is also used to keep the stonea cxiol at the time of 
grinding. 

('-{.) Dressing Moj'Mnc. — Another elevator caiTiea the 
ground grain, or meal, from the stones to a dressing 
machine above the stones, consisting of a revolving 
hollow cylinder placed in a slanting position, turning 
about 650 timee a minute. The cylinder is covered 
with fine wire gauze, or fine silt cloth made for the 




purpose. The finest of the flour passes to the upper 
end of the dressing machine, which contains the fciest 
cloth, then to the next division of coarser cloth, and so 
on, till the bran, which is too coarse to pass through 
any of the meshes, falls out at the other end of the 
machine. To the bottom of the machine are attached 
sacks, which, being filled with clean flour, are removed 
aa required. 



CORN MILLS. 



ESTIMATE FOE A GOES' MILL, 
Xathiiury oj ilu)«m on Plan 0. 

1 Com elBvtttoT for conveying; com oror top of amut maohina ; 
1 smut OT com-cleartng nmchiiio, complete, witli nil flttiiiga 
1 elevator for conveying cleaneJ grain from amut machina 
to top of null stones, and screw conveyor for conducting 
wheat over stono hoppers ...,-., 

3 Pairs finding etonea, 48 inches diameter, beat, with caaingB, 
feeding and disengaging gear, with all fittings complete, 
with endless conveyor 

I Flour elpvBtor for oonvevinp; meal from bottom of 
1 double dressing machine, with ailka, complete; 
t«r tor the otTols, with rotating aifW, complete . 

I High-pCBBHuro ateam-cneine, horizontal, 16 H. P., and i boiler, 
doubled flued, with all Sttmgs complete . . , , 

Mill gGaring- for stones, upper and lower, wronght-iron ahaftjng, 
"wheela, pulleys, eolumns, &c, -.,.._ 

MiBCellaneoua, including fan and exhaoat apparatus, driving hands, 
'it raising runner atones, sackiug cyliadota wilh. valves, 






^ DIMENSIONS OF A CORN MILL. 
W Mofhinay oj thoten m Pun O. 
Scale: 12 feet = 1 inch. 




"S- 


""tT 


T.r 


Height, 


'Sl° 


Boom with upper story eon- \ 
taininjj atflnea and other [ 

Store-room for grain, ahown 1 
on plan without scale . ) 

Store-room for flour, not 1 
shown on plan ... J 

Engine andhoiler houae . 


25 


29 
29 
19 
29 


1,044 
S22 
6Si 
72S 


26 
26 
11 
13 


27,1« 
13,372 
7,624 
9,425 


Total of square fcot ami cub 


cfeet 


2,976 




67,866 
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REMARKS ON CORN MILLS. 

Plan phows the arrangement of the com mil l 
machinery so adapted aa to make it work with as little 
manual labour as possible. The corn will be elevated 
by a self-acting mechanism from a reservoir in the 
store-room. Then it trill be conveyed automaticaily 
from one machine to another, ground into flour, and 
the different qualities of fine and coarse flour separated, 
and the sacks filled up ready to be removed to the 
warehouse. The elevation and sectional plans will 
show distinctly how this is done, and the way in which 
each machine is driven. The store-room for grain is 
not drawn on scale, and the warehouse for flour ia not 
showD, but the sizes of both have been given in the 
dimensions of plan. 

The estimate for the com mill provides for three pairs 
of atones, with all necessary machinery for working on 
the modem system, and adapted for grinding rice, 
wheat, and all other kinds of grain. 

In most English mills the diameter of the mill-stones 
is 4 feet, and their thickness about 12 inches. For 
wheat one stone is composed of French burr, which is 
very hard but porous. As it is difficult to get the 
stones of the required size it ie usual to construct them 
in segments, firmly bound by iron hoops roimd the 
cireumf eron c s. 

In the estimate the cost of a dressing machine with 

fine silks for sepai'ating the finest flour is included. If 

_ a dressmg machine with iron wire be substituted it will 

^nuet about £60 less. According to the fineness of flour 
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required, inatructions eloiild be given for the precise 
kind of dressing machine. 

The total cost as per estimate for the three grinding 
stones, with other necessary machinery, and including 
packing and free delivexy, amounts to little more thaS 
£1,000. 

The production of flour from the mill for which the 
estimate is given will he 150 bushels of wheat every^ 
ten hours. It has been stated that in many com miUe 
in England, fitted with the most improved machineiy, 
each pair of stones grinds even more, of coarse flour. 

During the siege of Sebastopol a steam vessel w 
fitted Tip with_/i)«r pairs of grinding atones, and othe^ 
necessary machinery, for grinding com for the use o 
the English army. From the official reports giving 
results of the working of this floating mill, it appeazlF 
that when in harbour the daily produce of flour of S 
quality fit for the array was 24,000 lbs., which ■ 
more than had been calculated on ; and the expenses of 
working, including the estabUsbment of the vessel^, 
were 35. Id. per 100 Iba. of wheat ground. During s 
certain period the total quantity of wheat supplied t 
be groimd was 1,776,780 lbs., from which the quantity 
of flour was 1,331,792 lbs., with 358,172 lbs. bran. 

Portable grinding mills, for grinding from 6 to Iff 
bushels, driven by a portable steam-engine, capable > 
grinding every shade of fineness, complete, with stone^ 
are constructed, and may be had from £100 upwards. 
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^pSPOHT OF RICE, WHEAT, AND OTHER GRAIN FROM 1 






INDIA TO OKEAT BEITAIN* 






t™. 


Bice. 


Wlieat. 


Othor Kinds. 


Qlanlilr.Klce. 
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Qn. 
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1B6S 


6,573,537 


110,265 


272,606 








IBS* 


3,876,666 


78,679 


271,138 








1863 


3,378,496 


112,068 


237,368 


2,201,183 






1862 


3,836,076 


147,601 


267,362 


4,678,663 






1861 


2,962,497 


135,069 


263,321 


3,796,137 






IBfiO 


2,276,2»fl 


112,223 


200,044 


2,233,864 






1859 


2,433,146 


116,S4a 


261,781 


2,004,667 






18^8 


3,449,172 


142,761 


198,441 








1867 


2,301,182 


138,499 


147,775 








1866 


2,098,070 


173,883 


124,309 








1856 


1,862,318 




180,212 








1864 


1,261,503 




162,151 


2,474,399 






1863 \ 
1852 
IBSlj 


Value of rice, wheat, 
and other grain its one 


889,160 
869,002 
763,296 


1,168,763 
921,556 
771,672 
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BEICK WORKS. 



IKTKUDUCTION. 

The art of making bricks is of the kigliest antiquity. 
Tkroughout the greater part of the world, according to 
the facilities of the soil and the necessities of tJie 
climate, it has been more or less successfully praetised. 
In every country, with the ordinary progress and 
requirements of increasing population, commerce, and 
wealth, brick buildings are superseding the temporary 
buildings of wood and mud which yet prevail in several 
regions. 

Although the art of making bricks is very ancient, 
it scarcely received any improvement from the aid of 
machinery until within the last few years. Machinery 
is now employed for grinding and crushing the clay, 
and for making bricks. The bricks made by hand are 
generally of very inferior quality, whUe those made by 
machinery, in appearance and strength, and adaptability 
to architectural purposes, are far superior. By the use 
of machinery the great inconveniences attendant on 
moulding the bricks by hand, and the delay in drying 
the baud-moulded bricks, caused by the presence of 
excess of water in the clay, are also obviated to a great 
extent. When the process is carried on with good 



machjnery in a factory, the whole goes on in har- 
monious order, with ease and regularity; and the 
rapidity and amount of production in a given time hy 
machineiy are also great when compared with the 
hand process. The hricks are m.ore compact, m.ore 
perfect in form, and the edges moro sharply defined, 
and 80 smooth and sightly in appearance that for 
facing the outside of houses no-plaster is at all required. 
Ventdatuig bricks and hollow bricks are now exten- 
aively made in England, which take less material and 
are lighter, as well as bricks adapted for partition 
walls, for arches, doors, chimneys, &c. 

The machinery for making bricks is divided into two 
w dasaee ; the one operates on the clay in a moist and 
r plastic state, while the other requires it to be dried and 
["ground previous to being moulded. In the former 
I class the plastic clay is formed into a continuous length 
[■'in the machine, and is then divided into bricks by 
L means of wires moved across by manual labour. This 
Iprocess requires the clay to be soft. The bricks thus 
Rnuide are only a little harder than those made by hand, 
land require to be dried before being placed in the kiln. 
I In the second class, the dry process, the bricks are 
[ compressed in a dry state in the mould; but the 
L process of drying the clay and reducing it to a uniform 
P powder requires more motive power to drive the 
Y machinery. 

It has been stated on very good authority that the first 
requisite for the proper working of wire-cutting machines 
by the wet process is, that the clay should be a, strong 
jdastic kind, or it will not pass through the orifice or die 

I of the machine with a surface sufficiently smooth for the 
iiiee of the brick. With clay of this degree of plas- 
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ticity, tlie drying and burning proceaaes, bo iraportaM 
to the manufacture of sound bricks, are apt to be 
irregular, and to cause a large proportion of unsound 
and inferior make to result. In order that the bricks. 
may be dried and burnt in the kiln in a regular and 
sound manner, it is found necessary to reduce the te- 
nacity of the clay by the mixture of sand, &c., in certain 
proportions, so that the bricks may not crack during 
the operations of diying and burning. But if the sand 
be not finely divided and well mixed in the mass it is 
apt to impede the cut of the wires, and to leave rough 
uneven ends. For these and other reasons the dry 
process of manufacturing bricks is more generally 
adopted. 

As regards burning the bricks after being made by 
either class of machinery. Professor Thomson, in a 
paper read before the Chemico-Agrieultural Society, 
pointed out the great loss of heat which occurs in the 
ordinary modes of burning in the common Idlns ; the 
air which has passed through the fuel or among the 
heated bricks, and the smoke, pass away from the kiln 
to waste at a very high temperature — -even at a red 
heat— duj'ing a considerable part of the process. When 
the bricks are raised to the high temperature required 
to burn them, and render them permanently hard, the 
great store of heat which they contain is entirely 
thrown to waste while they cool. He stated that he 
has noticed with much interest the very admirable 
principles of a new kind of kiln with perpetually 
revolving fire, invented nnd patented by F. Hoffinann, 
of Berlin, both for briek-buming and lime-buming. 
In this new kiln economy of fuel is effected in a two- 
fold way ; in fact, by saving the twofold loss of heat ; 
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', first, it saves the heat of the gaseous products of 
combustion and unconsumed air passing through and 
away from the burning bricts, by applying this heat 
effectively in drying the new fresh brieka about to be 
burnt, and raising them up to an incaudescent tempera- 
ture, HO that only a verj- slight addition of heat directly 
from ignited fuel ia required to complete their biiming; 
and, secondly, it saves the heat of the cooling bricks, after 
their having been sufficiently fired, by applying it all 
in wai'ming the air which goes forward to supply the 
fires ; so that the fuel is burnt with air already at an 
incandescent tempei'ature, instead of requiiing, as 
HOBual, to heat the air for its own combustion. 






MAJOJFACTUitE OF BRICKS. 




WET PROCESS, 



The machiDe oombiiiea the three processes of crush- 
ing, puggiug, and brick-making. The clay is dug and 
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spread over a large surface of ground, and tempered 
with water by manual labour into a mass of soft clay, 
by turning it over several times, and is then throwu 
into a hopper, below which woi'k a pair of crushing 
rollers. There is an instrument with a number of 
knives, or blades, to cram iu the clay. The crushed 
clay falls directly from the revolving rollers into a pug- 
miU, the object of which is to incorporate the various 
component parts of clay, and to make it of one uniform 
character. The puggea clay is then forced out through 
an aperture into a horizontal clay-box, or chamber, 
Tvheire, as in the steam-engine by the action of a piston, 
the clay issues in a stream on the delivery- table, where 
it is cut into the desired thickness of bricks. 

DET PROCESS, 

The dry brick-making machine works on the prin- 
ciple of forming the clay into moulds, instead of forcing 
it through orifiees or dies. The clay, as dug up, is 
delivered to the machine ; or, if the material consists of 
marl or fire-chiy, or stony earth, it is crushed through 
roUers, and delivered to the machine, which works it 
into a dense mass with great solidity, and fills the 
moulds of the form and size of brick required ; these 
are arranged on a circular revolving table. Two moulds 
receive their charge of clay at a time ; and while this 
operation is going on, two other moulds that had been 

Previously filled are subjected to considerable pressure, 
y pistons working on tne opposite side. The finished 
bricks as discharged from the moulds are delivered on 
to a revolving endless creeper band for removal to the 

Hoffmann's kiln foe brick and lime-bcrning. 
The kiln is about 160 feet in diameter for a delivery 
of 25,000 bricks per day. 

The kiln is built in the form of a large arched pas- 
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sage, like a railway tunnel, bending round in goings 
forward on the ground till it closes witli itself to form 
a great circular riag-chamber, within which the burn- 
ing of tlic bricks is carried on. Eound its circqmfer-. 
ence there are twenty-four entrance door- ways, admitting 
of being closed, so as to retain the heat and exclude aU 
entrance of air by the door-ways so built up. Th© 
great chamber may consist of twenty-four compart- 
ments or spaces, with one of these door-waya to eacli. 
In the centre of the ring a high chimney is erected^ 
and from each of the twenty- four compartments of the 
annular chamber an underground flue leads into the 
chimney. There are, then, twenty-four of these flues 
converging towards the centre like the spokes of a 
wheel ; and each flue has a valve, by which its commu- 
nication with the chimney can be cut off. Arrange- 
ments are made by which a partition like a damper can 
be let down at pleasure, so as to cut off all communica- 
tion between any of the twenty-four compartmenta of 
the ring-kiln and the next one. After being once 
kindled, the fire is never extinguished, but the burning' 
of new bricks and the removal of the finished produoS 
is carried on by a continuous and regular process froiQ 
day to day. From one of the two open compartments 
men take out the finished and cooled bricks, and in the 
other one they buUd up newly-formed uiibumt bricks, 
The air entering by these two compartments passes first 
among bricks almost cold, takes up their heat, then 
goes forward to warmer bricks, then to hotter and 
hotter, always carrying the beat of the cooling bricks 
forward with it till it reaches the part of the rin| 
diametrically opposite to the two open and coh 
compartments. At this place it gets a final accessioi 
of heat from the burning of a very small quantity o 
of coal, which is dropped in among the bricks from time 
to time by numerous small openings furnished with air- 
tight movable lids. 
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ESTIMATES FOR A BEICK AND TILE WORE. 
1. Maehitteri/ for Wet Freass, ai ihoKti en Plan P. 

Doable clay hoist, Belf-actiiiK, rails, complete, witli B trutks 
with wrought axles, wbe^, &c 

2 Improved buck-nialdng machines, (.'ombining the three pro- 
" " of eriishing, pugging, and brick-making', each capable 



rot, 
boU< 
belb 



zontal, higb-prpBBure, BO H. P., complete, with 
ir heating appaiatiia, shafting, geiiriBS-, driving 
ron work for Hoffitian's kiln, complete . 



. Machinery for Dry Process, as sAotcti on Plan P. 



KOHb, complei 

Ctaj grindiiw mill , with Ian, edge rollers, fitted complete . 
Elevators, self-aeliog, to carry a&j from the grinding ■nill ovar 

hrick machine, complete 

Brick-making machine fitted up complete, with revolving table, 

moulds, &c., lOT making lifiOO bricks per day 
Hrick press, to be filed in front of hrick machine, complete, with 

duplicate die, with creeper for carrying away the bricks, &c. 
Steam-engine, 26 H. P., complete, with boUer, shafting, gearing, 

columns, water cistern, pump, drums, straps, and iron work 

' ■■'i,&o 



hing, puggmg, andbrn 
wire cutting, producing j 
wrf process, complete, witi 
'ce machine, Bimilar 
bricks per week, with 



Tor(abh Brick-Mai ing MbcMki 
and brick-making 



a machine, withont cruaher, for clay free f 
producing 9,000 bricks per day, arranged for k 
animal power 



chine, with dies and 

hricke per week, by 

!, boiler, &c 

for prodm,mg about 

iler, &.C., complete 



rking hy 



254 BRICK WORKS. 

UaoUae for tjlea and pipes, olao for solid or hollow triclcH, 

worVed by ttnimaJ power 

Tile preBtrino; mBchines, &om £24 to 1 

Mortjtr and loRm millB. from £40 to . . . . f 

Hitchine with piig mill, revoMi^ table, mouldB, st«nTD-engine, 
luilors, with ull fittings complete, capable of making 10,000 
bricks per day by dry proceas ...... 

Cla^croahuiE'rallera, 20 to 2S in. diam., mmplete, fcurn £25 to . 
Combined rofiere wiBi pug mil3, from £100 to ... . 



DIMENSIONS OF BRICK AND TIT.E WOEKS. 

Kaehi«rrs « ,himm on Fi-iHS P. 

Scale: 1 6 feet = I inch. 
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Wet process maehiaery for 1 
makinK bricks . . . i 

Dry process machinery fur 1 
malting bricks . . . / 

Boiler house 

Total of square anf 


4. 


38 


1.748 


16 26,220 


70 
™bic 


27 

9 

feet 


1,890 
2,133 


20 1 37,800 

S 1 1,944 

39,744 
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FEEMAEKS ON BRICK AND TILE "WORKS. 

•Bhtck-makiko machinery should be adapted to the 
character of the chiy. Some chiys require for a good 
brick-making machine Httle or no preparation, while 
other clays require expensive machinery- Choice of 
site and selection of clay are therefore important pre- 
liminaries before ordering brick-raaking machinery, as 
the perfection and economy of the operations on the 
factory syatem will mainly depend on the quality of 
clay, and the general arrangements adopted in con- 
formity therewith. Want of attention to this im- 
portant point has been the chief cause of failure in the 
ease of the Bombuy Brick Works. 

It is necessary that about half a ton of clay should 
be tested either in India or in England, to determine 
which class of brick-making macbiuery will answer the 
purpose, as, if in ignorance of the kind of clay to be 
worked, no sound opinion could be given. 

Bricks being a very heavy article, the cost of carriage 
ia also an important consideration, otherwise it will 
absorb all the profits. Brick machinery should be 
erected as near as possible to a town to save the distance 
of cartage. 

From the estimates it will be seen that the machinery 
for making bricks by the dry process will cost more 
than by the wet process. But the great drawback to 
the latter is that the bricks are required to be cut by 
manual labour, and dried, and cannot be removed direct 
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to the kiln as is done in the dry process. It ia believed 
that the dry process of making bricks will be applica- 
ble in more cases, and though it requires more motive 
jjower to drive, it has certain advantages over the v/esb 
process. The latter, however, will anawer very w^' 
if the clay is suitable for working by the machinerj 

When ordciing bnck machinery, it is necessary to* 
give the length, width, and thickness of the bric^ 
required to be made. Bricks shrink in drying and 
bui'ning about one-eighth of an inch per inch, for wl 
allowance should be made. 

Bricks of any size or form, and also roofing andv 
paving tiles, are mado by the same brick-makings 
machine, by adopting suitable dies, moulds, and ac^' 



Ornamental bricks are also made of a variety of 
colours, by mixing different substances with clay, 
which, by a judicious combination in the arches and 
other parts of a building, produce a very pleasing 
effect. 

Estimates and plans have been given for both pro* 
^_ cesses, making bricks either by the dry or wet process, 

^B and for permanent works for producing millions ef 

^B bricks on the factory system. These include a self- 

^H acting hoist for discharge of clay, and other improve- 

^1 menta. Brick-making machines are made of all sizes, 

^1 adapted for temporary works and limited production, 

^1 of which a price list has been also given. The total 

^H cost of the brick and tile works, as per estimates and 

^B plans, including buddings, kiln, &c., may be calculated 

^1 at from £3,500 to £5,000. The coat of manufacturing 

^1 bricks, English size, 9 X 4^ X 2j, when burnt, may 

^H be reckoned at about £1 IDs. per 1,000 finished bricks ; 
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this vin c£ oNSTse Taiy more or lo$i$ ;kv\\3>1;u^ ^> li^ 
price <tf coaUsy £c. 

In irariTrfarTsraag bricks the ixai$iruoii\\i^« odT iIh" kihi 
far bomiixg liie bricks is a matter \\f \x>rv grvat iui^ 
ponaziciE:. A desciipticin of tbe most xvwiit m'4}^r^Ax\i k\)n 
is giTcia, and xhough ii is mucb moiv o\v«lv iv* <\>:i^;nK^ 
tioQ than the ordinarv kilns, it has boon s;^U\} To oflxvt 
great saTing in fiieL The bricks buruT b\ this iiu- 
proTcd process are sounder and of bettor \^xuliiy thaxx 
j&omanlinarv kilns. 
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STEAM MOTIVE POWER, 



rTKODUCllON. 



No one can doubt the great superiority of steam as a 
motive power for driving machinery, compared with 
m animal or even water power. 

m The operation of the steam- 

^ engine is continuous, regular, 

and constant, and can he ad 
justed to the greatest nicety 
whereas animal or water power 
is very fluctuating and irregu- 
lar, and that unavoidably so. 
There are few places in India 
where the supply of water is 
abundant and constant through- 
out the whole year, and can be 
^ relied on as a means for driving 

^L machinery ; hence, as a general 

^M 1 rule, the use of the Bteam -engine 

^M u g is preferable, as a means of 

^H -^ ^^ manufacturing with economy 

^H Jg » I and certainty. The application 

^H ,m^.. . ^—- ts-^,A>"- .\ ih A~.^i of steam to all branches of in- 




dustry ia almost universal, and its importance and ines- 
timable value are recognised throughout the civilised 
world. If only water power was to be made use of 
India and other parts ol' Asia for driving machinery, the 

iterial prosperity to be derived from manufacturea 
would be limited. 

It was by the genius of James Watt that the power 
of the steam-engine was first applied in manufactures, 



real 1769 ; and sate thea it has been im 

bne to liiuL br eam^ b^ ib all parte of 

-, and br n oiam i ai MoffiraliaBS applied to all 



shqis and raOvar tiam^ g i in J ia g com, printh^ boak% 
tuunmeniig, EJaniBK and (■mnw itoBt anA pcxfcniuiw 
any descHptiao of neclniiical laboar where fiyw^ is 
required. 

As an ecoitomisn' of laboar and time tlie st^am- 
engioe has coDtribated more to homan progress and 
eomfort than any other mechaziical iDTeDtioQ ; and as 
a mottTe power in the indostzial arts it takes the pre- 
eedence of all other powers. 

A eteam-€tigine consists esscmtially of a vessel, made 
cylindrical for giving the greatest strength, and fitted 
with a movable piston. The 
cylinder is placed either vertical 
or horizontal. All the other 
parte of the steam-engine are for 
the pnrpose of regnlating the ad- 
mission of steam, and for produc- 
ing a rotary motion at the point 

L where the power is required to be 

■liipplied for working machinery. 

r In connection with the steam- 
engine, the nature and proper- 
ties of water are of great im- 
portance. Water is solid when 
the thennometer stands at 32° 
F., fluid at ordinary tempera- 
tures, and vapour or steam when 

Lthe temperature is raised to 

I 312°. But if this high temperature be not kept up the 




vapour 18 converted into water again. This property 
of reconverting from the form of vapour to that of 
water is invaluable in the steam-engine, by condensing 
the steam to its original bulk of water, and withdrawing 
that water and forming & vacuum. Another property of 
steam is expansibility or increase in bulk, the weight re- 
maining the same. A cubic inch of water will give steam 
that will occupy 1,728 cubic inches, or ono cubic foot of 
space. Steam also possesses the property of elasticity, 
as it has a tendency to free itself from the space 
which it is confined. When the natural bulk of steam 
ia compressed into half the space, the pressure is doubled, 
and so on. By cutting oif the entrance of steam in any 
vessel or cylinder in which a piston moves, equal to 
half the stroke or length of the cyhnder, the pistan 
having received a momentum is propelled through by 
the espansive force of steam, and a quantity of steam 
and fuel is saved in proportion. 

The elastic force of steam is regulated by the tem- 
perature under which it is raised, and increases in a 
much faster ratio than the temperature at which steam 
is generated. Thus at 212° steam exerts 15 poimd* 
pressure to the square inch ; if the temperature is iit- 
ci-eased to 250", the elastic force is double, or 30 pounda 
pressure to the inch ; and when the temperature ia 
400°, the force is 240 pounds to the square inch. The 
advantage, therefore, of using high-pressure steam u 
apparent. A small accession of heat at a high tem- 
perature produces an increase of elastic force, and the 
saving of fuel is in proportion to the increase of pres- 
sure. There is an invariable correspondence between 
the force of steam and the temperature at which it is 
raised. 



Ta ram Mb^ !■ a e 
ti^ at fad M i^ M H J. Iftl 
lansg muilJ tke pirtta of tbe ■ 
ntkwt kivH^ Mtad ci^aaucv^ a poctMM of iIm I 
vUiii vas eMMHBed to ine tk Etna ap to iT 
ofdMtici^vSbelart. tk rasatt of axiriui; ^ 
e^»«Hn«:^ ia tbe stea^-cBgtae is tliat powr i 
araOiUe ij ■■■S *^ sCbmb ap to its last impetlin^ 
SartK, and nol aDcnmig it to escape until ibe whttlv at 
that araOsbfe tone hsa been expended. If th« stntm 
Inm the boGef' be cat <^ eariy trben emermg ibi^ 
ejiiodcT, and expanded to its full available liaitts, tbv^ 
die higbest preemre vil] bave been used an tbe pistiui 
down to tbe lovest point. If steam be alIo«~nl to 
CKape &oia tbe erlinder before its full fbrrc i$ C4c})eudi?d 
to die lowest available preseare, the loss will be in 
pn^rtioD to the amoont of tbe pressure not made 
aTBila)^. 

In tbe cmtifeTtginff steam-engine, vben tbe steitm is 
no longer required for working the piston in Uie oj-lin- 
der, it is conducted by a pipe to another \-eisseI. oiilli'd 
tile amdenter, and, by the application of jeta of cM^ 
water, is condensed into water. The water formwi by 
the condcaised (iteam is removed from the oondeiiser by 
a pump ; a vacuum is tbiis produt-ed, which Heists the 
escape of steam from the cylinder. The engines oou- 
structed for working the steam on tlus principlu Ar« 
called condensirig engines. 

In non-cotulensiny engines, the steam, when no loiigor 

required for working the piston, is allowed by a pjpii to 

escape into the open air, and has to force itself ii^uinat 

^ube pressure of the atmosphere. But there is no resist- 

^Bnce when the steam is conducted into a condenser. 
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This is the essential difference between condensing and 
non- condensing engines. 

The form of the sf-eom-engine is either vertical, beam, 
or horizontal. The beam engine in heavy and costly, 
requires costly foundation, and occupies also a great 
deal of room. In the International Exhibition 
two steam-engines were shown of 30 horse-power, by 
the same maker, both having the same power ; the 
weight in the beam engine was 15 tons more than in 
the other. The horizontal form of steam-engine is now 
superseding the beam engine, on account of the simpli- 
city of its construction and working, the lesa liability 
to break-downs, and the saving in first cost. A beam 
engine, say of only 12 horse-power, if it costs £320, the 
horizontal engine of the same power would cost £280. 
The advantages claimed for the beam engine are that 
the cylinder and piston wear better ; but it has been 
advanced that the cylinder made of a good metal 

■ long time in wearing, whatever may be its positj 

that the advantages claimed are merely supposed, and 
that the points of objection against the horizontal are not 
real. Moreover the form of the beam engine prevents 
the adoption of that speed of piston at which, all 
things taken into account, steam-engines work most 
^_ economically. 

^B The term liarse-porver was introduced by James Watt, 

^H to enable him to determine what size of steam-engines 

^H shotdd be sent to his customers. Ke required them to 

^H tell him how many horses they were accustomed to 

^H employ to do the required work. It was found by ex- 

^H periment that the average force exerted by the strongest 

^H horses was equal to 33,000 lbs. raised one foot high in 

^H one minute, and this was taken as equivalent to one 
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"fiorse-power. Since the time of "Watt, however, the 
capacity of the cylinder of the eteam- engine answerable 
to a horse-power has been iiicreaaed, so that at the pre- 
sent time a horae-power is a term for expressing a 
certain size of cylinder without reifercnce to the power 
actually exerted by the steam-engine. 




STEAM-ENGINES, BOILEES, ETC. 

Condensing Engines are also called low-pressure en- 
gines. The steam in this class of enginea, after 
having worked one way in the piston, ia condensed by 
injection of cold water thrown by a feed-pump into the 
condenser. The water of condensation is drawn off by an 
air-pump ; a yacuum is formed, the extent of which a 
seen at once by the rising or falling of mercury in a 
glaaa-tube fixed in the engine-house. Thus steam in a 
condensing engine is made to answer a double purpoae, 
and tiie property of steam of reconverting into water is 
practically made use of. The cooler the water for con- 
densing steam, the better is the result in working the' 
engine ; for which reason large reservoirs are re- 
quired. 

Compound Engines are high and low pressure com- 
bined. The principal feature in these engines is that 
the ateam, after having been more or leas expanded in 
a small cylinder, is further worked in a large cylinder ; 
the expansion of steam is carried further foi' the purpose 
of ensuring economy of fuel ; then the ateam ia con- 
densed by jets of cold water, and the water withdrawn 
from the condenser by a pump aa in the condensing 
engine. The condenser of a steam-engine for working 
in a hot climate is made of a larger size. 

A Higk-pressure Engine is more compact than a con- 
densing or compound engine, as no air-pump, condenser, 
&c., are required, and therefore it is also cheaper. The 
steam in the high-pressure engine is admitted from the 
boiler into the cylinder, as usual in the steam cheat, 
where a valve works steam-tight. After working in 
the cylinder of a bigh-presaui'e engine, ateam ia not 
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condensed as in the condenBing engine, and no vacuum 
ia produced ; but it escapes into the air- One side of 
the piston of a high-pressure engine ia open to the 
itmosphere, the resistance of which it has thus to meet, 




and the corresponding effect is produced on the piston ; 
this is not the case in a condensing or compound 
engine. 

The Cornish or Cylindrical Boilffr is the prevailmg 
type of stationary boilers in England, and is now work- 




ing in many mills and other establishments in India. 
It consists of a cylindrical shell with one or two flues 
passing through it from end to end, of which the near 
ends are fitted up as furnaces. Some of these boilers 
are constructed with a number of stays, uniting the top 
and bottom, so that a free circulation of water ia main- 
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tained, and a free delivery of steam efiected, while ft I 
considerable addition to the heating surtuce is ensured. I 




■ 

L 



This type uf 1 1l I'J^ „ il\ adopted for ita \ 

general ability to fuliU the various requirementa :' 
practice. 

TAe Fuel Eeonomiser, adopted for utilising the was 
heat from boilers, conaiat« of a seriea of pipes, placed in J 
the main flue behind the boilers, through which the! 
smoke passes on its way to the chimney. The patent 1 
consists in the use of self-acting scrapers that work oil J 
centres on the pipes, furnished with a steeled thinl 
cutting edge, by which the soot deposited on the pipes I 
by the smoke is effectually removed by the creeping a 
continuous motion given to the scrapers, without onj'l 
attention on the part of the fireman. The boilers can ■ 
be worked whenever desired, independently of thai 
economiaer, by a reserve flue and damper. I 

The Indicator is a piece of mechanism by means of ■ 
which, at any time when the engine is in motion, thai 
working condition of the engine, the force of steam, and! 
the quantity of coal consumed per hour, are known. A \ 
diagram is traced on a paper by the revolving cylinder i 
by a pencil, and by means of a scale the distance on the \ 



Siagram is measured, and fi-om that tlie exact pressure 
of steam per square inch upon the piston of the engine. 
Aa a satisfactory method of knowing the working capa- 
bilities of a steMH-engine, this little instrument is now 




in all well-conducted factories in every-day use ; seeing 
that whenever any part of the engine gets out of order 
and is working defectively, the fact is known at once. 

The Injector is now extensively employed aa a substi- 
tute for the ordinary feed-pumps, where a boiler is used 
and steam produced. It is entirely independent of the 
engine, and is put in operation at once by simply 
opening connections with the boiler. As it acts when 
the engine is at rest, it supersedes the donkey-engine, 
and is very useful for filling the boiler with water when 
the engine is not working. 
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HK¥ABIiS OS SffiAM-EXGISES, ETC. 

Tkk ftmaaj nlj i ct «f slam-aivnKS and boIIerB in- 
tndcd fv vwki^ ni !»£■ and tbe £b^ is that ti 
ABBm»Jwig«ed«adeo M taM <rt ^aa«%forc< 
of fwl; acfa^ guMjallr qmkii^ in nore eoslif tl 
IB ITBj^tidl ne n»t of de ta^aea ■' 
U mafawv '"^^ to be » aewdary e 
friDsliat «f (BgncK is far &e fanl, viHi i 
iM|«iiuiMiiiilii TW daas of atesMFcngiaes a 
Isdk and oOht pben B &e Ent H DO doubt Oe e 
deoKBg engine^ or Aecoi^amd engine, or bi^ i 
lev praEDie wlmcd. pmrided tbe nqil^ of i 
far eondaunig ateaa is qmte anqde Uinmgbont I 
jiear; oAcrviae, far wmaX of sofficicmt water, 
diffiralty will be expontoed in wurkin^ these a 
and erai «l times entile fitof^nge of the 1 
the oonseqaenctt. As aone inorisiaa aga 
fareeeen ^lortness is tbe nqiph' of water, ■ 
wdl to hare an arranganait in tbe e 
to thrtnr tbe exhao^ steam into tbe i 
diat tbe passage into the condaraer. In s 
tbe condenaed water front the condensing engine ■ 
be naefolly employed for driring smaller i 
He con^omption of fne! in a condensing eng! 
be about 15 per cent, lower than in a bigh-f 
engine. Xon-condensing or high-preasnre engi 
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cheaper than condensing or compound engines, as 
there is no condenser or air-pump attached. "Where 
the supply of water is not abundant these engines will 
suit well, and will work without trouble ; but the con- 
sumption of fuel will be more than in condensing or 
compound engines. The principle of working steam 
expansicely taa been applied to both classes of engines. 
Various forms of valves are used in the construction of 
steam-engines for working the steam economically, and 
recently Corliss's valve gear has been applied, in some 
of the largest textile factories in England, with tlie 
advantage of saving more than ten per cent, of fuel. 
Not half the number of engines sent to India for the 
cotton mUls, even by the best makers, had the cylin- 
ders clothed for economy of steam ; but on account of 
more competition, the makers have commenced to 
design engines to ensure economy of fuel, about which 
they were at first indifferent. Some of them have 
made it a rule to clothe the cylinders of each steara- 
engioc made by them with hair felt, mahogany, and 
iron casings, and a steam jacket to maintain a suitable 
temperature in working steam expansively. The con- 
denser is also made of a larger size than usual, for 
working better in a hot cKmate. 

The class of engines employed in almost all the mills 
in Bombay is the horizontal compound engine, high and 
low pressure combined. An example may be cited here 
of the most approved form. If the diameter of tho 
high-pressure horizontal cylinder be 18^ inches, that 
of low-pressure or condensing cylinder will be 30 inches, 
both with feet stroke; the vertical air-pump will 
be 22 inches diameter, 2 feet stroke, condenser 26 
inches diameter and 50 inches high, and cylinders 
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fitted with valvee and apparatus for catting off at j 
diiferent portionH of the stroke ; with plates for bottom 1 
of engine, foundations, and for cariying air-pump and M 
condenser. 

The class of boilers that will answer well in India, I 
China, and other placesj is the boiler with patent tapar I 
stays, as it generates more steam with less fuel than ' 
any other boiler in ordinary use. The generating 
power of this boiler has been stated to be that ( 
pound of ordinary coal will oTiqiorate 9^^ to 9J lbs or 




nearly one gallon of water per hour , while a i 
two-flucd boiler without patent staj a evaporates 8^ Iba j] 
and in a double boiler, mounted one o^ er the other, a( 
to Bombay, it wa*) onlj 6^ lbs iMth Welsh coal. Boilersil 
should bo above the ground level, otherwise it has.l 
been found from practical experience that in the mon* f 
soon, when the ground is very damp, there is great! 
loss of time and fuel in getting and keeping up steam. J 
In 1866 a boiler was patented in England and worked 1 
in the Paris Exhibition, composed of wrought-iroa I 
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The advantages claimed for this boiler are, that, 
there is great economy in getting up ateom ; the cir- 
culation of the water is woll kept up within every part, 
as each tube has within it an internal one rising up to 
the water space ; no joint or bolt is exposed to the 
action of the fire ; the tubes can he examined and 
replaced in a quarter of an hour ; it can be packed up 
in a small compass for exportation ; and the bursting 
pressure of each tube being 2,000 pounds per square 
inch, there is no risk of explosion. 

The Fuel Economisar, for which the price list is given, 
is one of the important practical inveations for saving 
fuel, by using up a considerable amount of surplus heat, 
which otherwise would escape up the cbinmey. The 
economiser is very simple in construction, is not very 
expensive, and works satisfactorily. Even in England, 
where coal is cheap, it has been applied in many factories, 
and the proprietors have testified in writing, after 
working it for some years, that it eflects a saving of 
fuel from ten to fifteen per cent. It is now working 
in the Bombay cotton mills recently erected. It is 
luade of all sizes, and is applicable to boilers of any 
description. 

For consuming smoke from chimneys, which is a 
source of nuisance, numerous patents have been taken 
out. One of the expedients adopted in Lancashire is 
this : A supply of air for consuming the smoke is in- 
troduced at the front of the furnace, and adjusted to 
the wants of the furnace by jeta of steam. The steam 
nozzles with the air tubes possess the power of urging 
and creating a draught, witli such precision as to sweep 
the whole surface of the fuel. But even with all im- 
proved appliances, an attentive stoker is absolutely 
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necessary, as much depends on the way the boiler is 
fed with coals, there being a right and a wrong way 
in this as in other matters. If care be not taken to 




frWi; the fuel tuough air it will smoke The preven- 
li()n (if smoke dependa upon perfect combustion, and 




■jj. 



this leads to economy in fuel. A self-acting feeding J 
fiimace to work with economy has not yet been con- 1 
trivod. Portable engines, and engines with their boilera 
on wheels, are now extensively used in England wherea 
Ibrmerly horae-power was employed, and are of specials 
utility I'or supplying steam power for agricultural opera-) 
tions, and temporary works. Directly on the top of ihe^ 
boiler a high-pressure eteam-engine with a single opI 
double cylinder is fixed. Portable double exp 
engines are now made, of 6, 8, 10, 12, or 14 horse^^ 
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' power, 80 improved tliat the makers guarantee that the 
consumption of fuel will not exceed respectively 2, 3, 
4, 5 and ewt. of coal per day. 

The nominal horse-power of a at«am-engine doea 
not expresa the actual power. Steam-engines are 
worked and proportioned to exert three times, and 
even more than three times, the nominal power. Hence 
the proportion between the actual power exerted and 
the nominal horse-power is varying, the dimensions 
of the engine expressed in nominal horse-power not 
exactly expressing the power that will be exei'ted. 

By burning four pounds of fuel, more or less, ai- 
cordiug to the construction of the engine, boilers, and 
management, a mechanical effect of 1 horse-power is 
obtained, and the stEindard of 1 horse-power applied to 
the steam-engine is 33,000 pounds raised one foot high. 
This standard was fixed in a court of law in England, 
in which the question arose as to what constituted a 
nominal horse-power in a ateam-engine. 

It has been shown, from actual practice, that the 
indicator is as useful to a person in charge of a steam- 
engine as a compass is to a navigator. By testing the 
engines with the indicator, the defects are at once laid 
bare, the valves are properly set, and a great saving of 
fuel is the result, besides additional power obtained. 
This has been demonstrated and proved in several 
cases. In one mill, after the engines were indicated 
and the valvea properly set in, and the steam cut otf 
at the proper length of strobe, the consumption of coal 
was reduced by nearly half. In another mill the con- 
sumption of coal was 7| lbs. per hour per horse-power. 
The engines were indicated, but after the proper setting 
of the valves, increasing the pressure of steam, and ci 
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d^ crlinden, ikt niiiwiii|ili<Hi of coal was reduced 1o 
o( Iba, beaadn Ae atnat^e of tbe acbUtion to power 
pt"*^ lltcae r T im p lr n diov the necessity of indi- 
luring *hr f^tpmn i—^^T*^? i bat though the indicator 
doa mC east laii tfaaa a finr pounds, with rare ex- 
ccpbcns it ia aot made use of in the B-jmbay cotton 
mflki, ware on aBcoant oS tbe iacompMeocy of the 
imrtiHw IB t b r gB of it tfaaa anj other caose, proving 
Ast dwp imoapeCcnt exigineeis are very dear in the 
end. 

It bss faeoi stated that tbe eonsmnption of coals in 
tbe OoiiiB engine, vhidh is nov made by more than 
ate finn in Kigland, b 2^ tbs. per indicated horse-pow^ 
per boor. 

Gas engmes are nov made in England, and are used 
in eertain atoations in centres of towns, where a TSry 
limited power is required, as in small printing eslabliah- 
menta or very small workshops. The gas engine re- 
sembles in gener^ appearance the horizontal steam- 
engine, but requires no steam, coal, or chimney. The 
gas with which Bombay and Calcutta are now lighted 
is the agent which imparts a regular motion in the 
engine. The en^ne consomes abont 90 cubic feet of 
gas per borse-power when working, ia &ee &om danger, 
and is started or stopped by merely turning a gas cock. 
In a water&ll the power generated with any given 
quantity of water is measurable by the diSerence of 
level between the highest and lowest points. 
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f-ENGINES AT THE PARTS EXHIBITION 
OF 1867. 

(From tiio Engmeavig Journal, May, 1867.) 
There is an Araeiican BteBro-engine which arrests tiie attenlion of 
y competent engineer who walks rounii the circle of that depart- 
lent. It embodieB all the chamcteristics of Amerium engineeiing ; it 
is li^ht in BtnictorB, elegant in design, rafiiiKd in artifice, ebajminB in 
its Bimph'city, and jet there is noirfiare any sacrifici' of perfection or 
naefolness for a fictitious semlilanco of ennphc ty WhuTP anythmg 8 
to be done, it is done Etraigitforwardly and to the purpose there s no 

of doing two things at on e whle st min^, d a 11 
tmgiira is called the Corliss engine it is not a I V \ 

'Hot imknown to well-iiiformed English en 1 I 

LlDsy sajely say it is a practical novelty and I 1 

-designed and executed is admirable Its f 1 I 

valves, and the mode of 'working them and I I i nil 

structnre. It is mude like all Anten ^aji engin ii 
the great consideration. Because we ha. e h 

often to pay the penalty of bad engin -enng 

fuel out of brains, snd a Yankee engino doing the si 
outs on half the fuel at once depri « na as a nation of any mimufactnr 
ing advantage from our cheap and alnindant fuel. The Corliss engine 
sparen BTery ounce of coal ; it ia always on the watch to do so, and bo 
lively is it that the moment the EuginB goes its speed, and can spare a 
little steam or coal, the watchful meclanical governor of the engine 
tabes to sparing the steain and hoarding lie fuel. Just as a good loco- 
motive driver is alwiiys watching for the opportunity of putting the 
eipauKou gear on a new notch to increase his cut-ofi; so is the 
mechanical government of the Corliss engine carried on by mechaniaTi 
which successfully representa the care and skill of an accomplished 
driver. The engino has four [lorta at what we may call the four 
comets of the cylinder. They are worked hy fonr independent vslves. 
The objf*t of this ia to spare all pasaageH and all waste in them. The 
cn^ne has detached the escape-valvea &OTn the steam-valve^ so that 
both may have independent motions ; but to the steam-yalves is added 
what wp may call a detaching movement, and this "detent" movement 
is one of the i hnraclnristicB of the engine. It is indeed very peculiar, 
original, nml Ameriwin ; it is the moans by which the mechanical 
governor, ever on the watch, renders the engine "autonomic." It acts 
thus ; the \Tdve-rod of each eteam-port is held, na it wore, between the 
finger and thumb of what one may call the right srm and the left urni 
of the goremor. These two arms sro moved rogularly hack and for- 
ward by an imvarying motion ; but tho finger and thumb of each hand 
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of tliB govaaxx Irt ^ thnr lioLl of the st 



a ha* entered : and the nxanent tl 

ie the val\e 



goretnat judges that tsmgh ss 

tipeDtd finger and thumli n-la 

the lagt in eared. When a heavy load is mdilfnly put upon tho sngine, 

the fiiiger and dLiimb hold ihi longer, and let nunc atcam cator. The 

ntcmp^ 0ie load u ii^hl^aed HJii the engine can go cosy, thfi finger 

and thincli let go quicklr ftgwu, and BO ffore fud. 

We mml raniiiiilj' say thJil this airangenKnt U bscanating and de- 
^nnt. It Tould be easv to do it domsilT and badly, for lettrng a valve 
go with a gudden jerk a neither good {nguteeriDg nor sound econmDv ; 
bat Ht. Coriiai has two deliaUe little air-cuahions placed inuaediatelT 
under tiia dmpa where the fingtr and thomb idease their held, and M 
the whole of these motion^ however quick and ahai3), are gentle and 
(oft. In legaid to the c^eral rtni f iure of the mgine, it is ahnort 
■Dpcrflnaas to ear that Ksethongjil, jodpnent, and ddll aie equol^ 
diftplaved in the wise diEposifioa and good propoitiona of ite parte. 11 
ia an «^inu from which any good Fjigiij* engine-c? may r^ud off to 
himftijf an agTwable and inter^stin;^ let^on. And, indeed, more 
taigineecs than one have already read that lesson, and in onr own 
l-jgliah d^Brtraent may be seen two "'g'"", which, if not cofnes or 
libral imjlatioaa, are plainly its progeny, qmng &om its seed. Hick, 
of Boston, and Whitworth, of IHanchestec, have plainly adc^>led the 
opUiione to whii^ we have jnat eivm eipneson, and they most long 
ere now have caretiillj ibubod tliiB engjnc^ and bethaught themaelveB 
how to use or better the cxaiaple ; and of theae two, one at least is w* 
e way to belter the example. That the firm of UesnB. Hick 
d have appedated the meiita and inboduced the inyirovemeilts 
of inch an engine into Kn glinh uae is highly creditaUe to thetr jodg- 
ment, and is jiut what might be CEpcct«d trora a firm which u. 
noUnions for having veiy early uitn>ducdd, and \ay mei^etically 
maintuned, the Woidf syston of doaUe-cyiindra- oogine in thia 
conntcy. The Engme they have madt is a good and economical oo^ 
4nd if they have not adopted tlie latest lefinemenla of the AmeiicaJl 

refined enginee would allow. 

ile&erving oar attention ia one which steps inr heyond anv other steam- 
engine in the Exhibition in its character and piLipoeei. We do not oay 
that it has afhieved all its aims ; but it has gone so &c, and aeoom- 
pliahed ho moch, that we are bound to regard it as an engine of Qw ' 
highest promise : cuHoiul}', too, it is a hybrid or croas-breed of engine ; 
it is derived from Corliss's ; it is improved by two Americsns, Allen 
Hiid Porter, and it is cunstructod with the forelhoug^t, propor tion, 
s}-iimuitry, and truth of conatnu.-tlou which have so long distinguiahed 
nil that LBBues from the eetabliHhmeat of Whitworth, of ManEhe>t«9'. 
The design of this engine, as far as can be gathered liiim its structure, 
is this : it is meant to be Corlim's engine, but without Cofliaa's valvet 
and without the finger and thumb motion which dtstinguiahes it, but it 
dispenses with these valvcfi and thea! motions only by the substitntioa 
')f something else, whith is at once the same and different. Its valves 
ere slide valves, one an ordinary slide and one a cut-off slide ; but the 
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character of the slides is very peculiar, and the mode in which they are 
moved, although not Corliss's finger and thumb motion, are meant to 
obtain from the gentle movement of the ordinary eccentric an action of 
the valves equivalent to that of Corliss's by a gentle and slow, instead 
of a sudden and quick, movement. The diagrams of the engine show 
that the valves perfectly succeed in producing in the cylinder a high 
and economical development of steam power. So far, however, we 
can say little, except that they have cons6:iicted a Corliss engine, or its 
equivalent, in another manner. 

Having overtaken Mr. Corliss in the application of the steam in his 
cylinder, the constructors of this engine now make a great sttide to go 
beyond him. They say, " Our valves are not only as good as Corliss s, 
but they are, withal, so smooth and gentle in their action, that they 
are capable of working much more rapidly." They, have, therefore 
determined to use this smoothness of action for the development of a 
far higher amount of power out of an engine of given size than had 
heretofore been accomplished. Corliss's engine, like other fixed steam- 
engines, performs admirably with a piston travelling, say, 200 feet a 
minute, or about the usual traditional speed of the steam-engine. The 
Allen-Porter- Whitworth engine leaves this behind with a long stride ; 
its piston starts away at the unusual speed of 800 feet per minute, and, 
in doing so, quadruples the work done by an engine of given size and 
power. This is certainly an unparalleled feat in the gymnastics of the 
fiteam-engine, and, if successfully accomplished, seems to promise an 
important revolution in machinery. 

it is not to be overlooked that we are speaking of a condensing- 
engine, and, what is more surprising still, an engine whose air-pump 
works with the same speed as its steam-piston. The eye scarcely can 
see the plunger of the air-pump clearly, from the rapidity with which 
it travels in and out of the condenser. The plunger looks more like 
the elongated shot of a Whitworth cannon than t£e piston of an air- 
pump ; in shape it is truly an elongated steel or iron shot, which 
strikes the water in the air-pump with such velocity that if the point 
of the plimger were not shapened into a parabolic curve its stroke on 
the water would shatter the condenser to pieces. As it is constructed, 
however, by moans of ingenious hydraulic mechanism, the rapid stroke 
of the air-pump is converted into so gentle a rise and fall of the water 
that the valves work with scarcely a sound, and a gentle throb when 
your hand is laid on the condenser is all that tells you of the pulsation 
^oing on within. The engine is a marvel of ingenuity and design. It 
IS, however, neither unkind nor unjust to say that the engine is still on 
its trial, that trial which alone tells us whether any mechanical engine 
is destined to live and advance oar generation, or to lose its reputation 
with its novelty, and die out. 



COAL MINES IN INDIA AND THE EAST. 

INTRODUCTION, 

Coal is superior to every other description of fuel, 
and bears a most important relation to the establish- 
ment of mills and factories in India, China, and other 
parta of Asia. The extent of its distribution in the 
East will be seen from some valuable papers given on 
that subject from the highest authorities. The East 
India Railway, in Bengal, which extends more thaa 
1,200 miles, passes near the mines of Burdwan, Eanee- 
gunge, and obtains its supply of coal at a cost of ten 
sliiUivgs per ton at the pit's mouth. 

In the Bombay Presidency the Great Indian Penin- 
sular Railway Company, with the sanction of Govern- 
ment, has made a contract with the Nerbudda Coal and 
Iron Company for a supply of coal at prices ranging 
from £1 4s, per ton, decreasing every year as the 
mines are developed, down to 18s. per ton in January, 
1873. There is little doubt that with the progress'ttf 
railwaj's, roads, and canals, the coal, iron, and oth« 
mines will be worked extensively, and will be a source 
of profit to the people, as well as to the companies aaA, 
to the Government. ' ^ 

The most rudimentary form of coal is peat. There^ 
is also another kind of coal of a brown colour known as 
Hr/nitc, showing a woody structure. But the variety of 
coal generally used in factories for steam purposes is 
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hemmous coal. Another variety is cannel coal. When 

ingle piece of this is ignited it continues to bum with 

jflmoky flame; hence the original name of "candle 

' corrupted into cannel coal. It is particularly 

pitsble for gas-making, and for this reason commands 

B highest price. 

I The amount of power contained in coal is almost 

Mjredihle. In burning a single pound of it, there is 

! developed eijuivalent to that of 11,422,000 lbs, 

height falling one foot, and the actual useful force got 

1 each pound of coal in a good steam-engine is that 

|r 1,000,000 lbs. falling through a foot ; that is to say, 

S spi'ing enough in coal to raise a million times its 

E weight a foot high. In this mineral there is what all 

J world wants — ^power. Coal is the product of the 

cay of vegetable matter, of which fact evidence is to 

ft found in the diffei'ent samples of coal to be seen in 

e London Geological and other museums. Vegetable 

ttter consists eaaentially of carbon about 50 per cent., 

pter 47, and ash 3 per cent. Now, in proportion to 

! degree of decay will be the relative increase in the 

per-ceutage of carbon iu coal, and the final stage is 

reached in the variety of coal termed aiitkracite, which 

may contain upwai-ds of 90 per cent, of carbon. 

Between unchanged vegetable matter and anthracite 

every gradation is obser\-ed. An excellent illustration 

of this kind of change is presented by a peat bog, 

where moss, which in Europe is the source of peat, 

may be seen growing at the top and gradually passing 

into peat underneath ; and at the bottom decay may 

have so far advanced as to yield black peat free fi'om all 

appearance of vegetable structure. What takes place 

in this transformation of moss into peat is precisely 
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similar in kind to wliat "takes place in ihe conversion 
vegetable matter into coal. The difference between thi 
two cases is simply one of degree. Just in proportii 
as decay progresaea in moss, will the proportion 
carbon in the product relatively increase. 
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(From 



x Paper by M. C. Brodeb, Eaa.. Icdian Depnrtment, Londcm^ 
iu Record of the Great Eiiitition, 1 862.) 

The coal resources of India are fairly 
the present exhibition. There is an excellent series 
coals sent by Professor Oldham, Director of the Geo- 
logical Survey of India, wliich may be accepted as types 
ol' the principal Indian coalfields. From the mines ' 
the Siugaran valley specimens are shown from Chold- 
danga, Toposi, Mangulpur, Harispur, and BabusoL 
The colliery at Chokidanga was established in 1834« 
The seam of coal is 1-3^ feet in thickness, and 
average annual yield of the last three years has 1 
SfiO.OOO maunds. At Toposi a seam of 22 feet i» 
worked, and last year 300,000 maunds oi coal wei 
raised, ilangulpur is a long- established colliery, whei 
a seam of 15^ feet (including 9 inches of shale) : 
worked, and yields annually a miUion maunds of coaL 
Babusol and Madhubpur, or Harispur, are situated iifc 
the lower portian of the Singaran stream, and are the 
most eastern collieries of the field ; they unitedly 
yielded 524,000 maunds of coal dui'ing last yeaii 
The Central Eanigunje coalfield ia represented b 
specimens from Eanigunje, Rogonatbchuk, Bhangaban 
and Banara. Mines were actually worked in tl 
Hanigunje field as long since as 1777. This field 
an important one, not only for its extent, but i 
position. It lies at a distance of from 120 to 160 mileS 
N.W. of Calcutta. The area as at present ascertained 
is about 500 square miles. The most extensive work' 
inga are Kanigunje, near the Damuda river. The 
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entire seatn is 13 feet in thickness, divided by a band 
of shale into two seams of 9 and 3 feet. From each of 
these specimens are sent. The Ranigunje workings 
jdelded 1,600,000 maiinds in 1800-1. Ro^nathcbuk 
IS on the bants of the Damuda, and i? one ot the oldest 
collieries in the field. The seam is 12^ feet in thick- 
ness. Bhangaband is in the same aeighbourhood, and 
yielda annually about a quarter of a million maunds. 
At Bansra the seam is about 7 feet thick. Of the 
mines in the Nunia valley there is a deficiency oi' 
samples. Those in the eastern division, thirteen col- 
lieries in all, are unrepresented ; those in the western are 
known only by a specimen from Futtipur, on the Grand 
Trunk road. The bed here is of ten feet thickness and 
excellent quality. From neighbouring mines speci- 
mens are shown from Hahinal in the west of the 
Ranigunje field, near the confluence of the Barakar and 
Damuda ; from Chinakuri on the Damuda, not i'ar 
from Ilahinal ; from Dumarldiunda to the west of the 
Baj'akar ; and from Kastae in the extreme north of the 
Banigunje coal-field. The out-turn at the coUiery of 
Chinakuri is not less than three and a quarter millions 
of maunda annually. At Kastna there is a seam of 
upwards ol' 30 feet in thickness, which is worked in 
open quarries. The specimen sent is from the lower 
11 feet of this scam. The produce of all these fields is 
not less than 320,000 tons per annum. 

The coal in the lower Damuda is frequently found 
intersected with basaltic trap, and in most cases the 
structure of the coal is entirely changed. The coal 
becomes prismatic or colunmar, and tliis may be seen 
over large areas. The columna are often not more than 
half an inch in diameter, and so completely separated 
that it is difficult to procure a specimen which will 
show more than one single prism. 

The following table represents the relative value of 
the difi'erent coals of which specimens are shown from 
the coalfields of Bengal : — 
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Thickneu n( 
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C«i«d. 
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Morltr. 


i.li. 
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Futtehpur . . 
Dumai'kuiwla . 




7 to 16 
10 
10 
30 
1,U 
lOJ 
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3 
22 
13 
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5 
7 and 3 

7 
16J 
19 
12 
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66-70 
63'80 
62'40 
61'40 
66-80 
53-20 
,^2-60 
51-10 
50-80 
50-30 
4B20 
47-00 
46-90 

45-00 
■14-20 
43-90 
43-50 

42-eo 

40-30 

25-ao 


24-80 
25-00 

28-00 
84-00 
36-50 
33-00 
35-40 
36-00 
36-30 
35-40 
40-00 
35-00 
35-40 
43-50 

34-10 
3S'4D 

44-20 
aM-40 
37-20 


8-45 
11-20 
15-00 
10-60 

9-20 
11-30 
14-40 
13-50 
13-20 
13-40 
15-40 
13-00 
18-10 
18-60 
11-00 
10-40 
21-70 
17-70 
14-50 
1320 
31'30 
37-60 


Qioltidansa . . 
Ghmakim , . 




MndubiM>rB [Horisp 
Ganigiiiue . . 
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Bogonuthclink . 












Pnnciavni . . 












H Of the colUeriea in tlie Rajinalial hills, those in th^ 
^M neighboui-hood of Brahmini Nuddi are represented by | 
^M specimen from Panchbynec, in the estreme south of thi 
^M hills; those near Eanshi Nuddi by specimens froit^ 
H Oormoo, Chilgo, and Bankijora. ' These are oftea 
H spoken of together aa the Alubera collieries. Afe 

■ Ooi-moo the seam is 10 feet, at Chilgo 5 feet, and q 

■ Bantijora 19 feet in thickness. The field on the nort 
^H and north-west of the hills is represented by a spec 
^B men from Bhorah. There are also specimens from tb 

■ Ehurhurbftri coalfield, and fi-om BareiUy. The di) 
H tricts of Pelamow, Khaeia hill, Singrowli, and Scinde iq 
H unrepresented. The amount of coal raised in tb 
^M Singrowli coalfield is email ; coal is known to exist is 
^M a westward direction from this bed towards Siughpooii 

■ but no collieries are yet established. The Nerbud^ 
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Valley also contains coal, of which three specimens are 
sent from Mohpanee, in Nurgingpore. The coal in this 
locality forms a atrip or band oi irregular width along 
the foot of the Puchmnrree hills. There are three 
seams at Mohpanee of 10 feet, 6 feet, and 3 feet 6 
inches respectively. These mines have been leased to 
the Nerbmlda Coal and Iron Company. The whole 
amount of coal raised in India during the year 1866 
was ten million of maunds, or about 370,000 tons. 

Coal Mines in Assam. — ^A cursory examination of 
the coalfields of Assam has established the existence 
of coal mines both at Jaipore and Terap, the latter of 
which especially are said to promise an unlimited 
supply of very superior quality. 

It has been determined at once to throw open the 
coalfields of Assam to private enterprise, and to grant 
leases on certain conditions ; and the grant of a per- 
petual lease of five plots of laJid in the Sonthal per- 
gunnahs which contain coal has been authorised on the 
same terras. In the Central Provinces coal has been 
found in eleven different places in the Pench valley, 
with a thickness of good coal in the seam varj-ing from 
1 ft. to 12j ft. ; the angle of dip is everywhere very 
small, from 3° to 10°, and the quality and depth of 
most of the seams are supposed to be constant, at all 
events over considerable areas. 
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COAI. MINES IN CHINA. 
(From the Journal of the SoeUty of Arts.) 

Extensive mines of coal exist in the mountains to 
le north-west of Pekin. It coats about I63. per ton 
at the pit's mouth, and more than double this amount 
per ton is paid for transport to the coast ; but the 
mines are worked in the rudest way, and the little coal 
that finds its way from the western ranges to Tien-tsin 
is conveyed on mules or camels from the mountains to 
Tung-chow, on the Peiho, and thence down the river 
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in boats to this port. From the mines in the northern 
range there is water communication of an indifferent 

character to Tien-tsin, but the quality of this coal is 
much inferior to that which oomes from the western^ 
mountains. Here, howerer, is a great source of wealtlk 
only waitiug the application of European skill ami 
capital to enrich those who undertake its development 
There are three descriptions of native coal to be pop 
chased in Hankow. One known in China as dry coal 
is retailed at about 60O cash per picul ; that known aft 
smoke coal is quoted at about 750 cash per picul ; ane 
a third, which is called white coal, costs about SOO ca 
per picul. The dry coal is a sort of coke, and is b 
mirably adapted for all household purposes. The smoki 
and white coal are well suited for and employed by 
steamers. Hankow is fiirnished with coal by fl« 
Hunan coalfields, the position of which con be deter*' 
mined by a glance at any ordinary map. By followin* 
from its som-ce the river (the Hsiang-Kiang), which, 
rising in the Hsiao Ling mountains, flows northwardl 
until it reaches the Tung- Ting lake, the district city ol 
Eyang will be found situated a short distance above 
the point where the north-east corner of Kiangsi cutai 
into Hunan. Here are the mines which supply the 
ven-mei, or smoke coal. Proceeding north we readfi 
the great mart of Hsiang Tan, situated at the junction 
of two branch streams "with the Hsiang-Kiang. Th© 
more westerly of these atreams flows post a city marked 
on the map as the district city of Syang-Syang, and it 
is in this neighbourhood that the ku-mei, or dry coal^ 
is produced. Turther north two larger tributaries 
also from the west, swell the volume of the main rivery 
thirty miles above this embouchure they unite, and at 
the point of union is the district city of Fyang, close 
to which are the hills which yield thepai-mei, or white 
coal, a description of anthracite. On tlie Yang-tze 
Captain Blakiston saw no coal until he was ibrty miles 
beyond Chang- Fu, that ia to say, over 440 miles above 
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Hankow. According to the Chinese the coal produced 
in Sze-chuen and the western part of Hu Pei is in- 
ferior to that which comes from Hunan, a statement 
which would seem to be confirmed by the fact of Cap- 
tain Blakiston seeing at Sha Skit, about 190 miles above 
the outlet of the Tung-Ting lake, junks laden with 
Hunan coal bound upwards. Many are of opinion 
that coal should be found much nearer to Hankow ; 
and during the past two years two foreign firms — one 
British and one American — have, with the greatest 
perseverance, been endeavouring to trace its existence 
in the Ching-kow hills, ten miles above Hankow, The 
British firm has recently desisted, but the American 
firm still continues its researches. Many of the hills 
between Kin-kiang and Hankow present every appear- 
ance of being rich in immense treasures, more especially 
that fine range which terminates eighty-five miles below 
Hankow, in the picturesque bluff known as the Cock's 
Head. 

(From the Quarterly Review ^ 1866.) 

Pekin CoaL — ^We may state that having examined 
coal, including lignite, from nearly every part of the 
world, we have seen no steam-coal superior to that from 
the neighbourhood of Pekin, where it is reported that 
a magnificent coalfield exists not less than 300 miles 
in extent. This report is founded on a personal com- 
munication from a geologist who has spent three years 
in the exploration of that coalfield. We have received 
several samples of Chinese coal, and we find them to 
differ much in quality. In 1862 they were tried in 
some of Her Majesty's ships under the command of 
Admiral Sir James Hope, and the results obtained 
were precisely such as the composition of these coals, 
which has been accurately determined, would indicate. 
The day will arrive when the coal-mines of China will 
prove a source of wealth and power, and may possibly 
determine who shall exercise naval predominance in 



288 COAI. MIXES IS DIDIA ASP THE B.\Sr. 

the East. These mines, in order to their sacc 
development, must be worked under the direction { 
colliery engineers of experience and skill, and vrv 
require the introduction of steam winding and pump-^ 
ing machinery- But the Chinese authorities dread all 
mich ibreign innovations, especially as thej- must for a 
considerable period be ander the supervision of despised 
barbarians. Perhaps they may be disturbed by a 
vision of what has befallen India. If, unhappily, we 
should again be involved in war with the Celestials, 
and again be victorious, it might be well to stipulate 
for a concession of a portion, at least, of this grea^J 
coalfield. 

Much interest has been excited in the public mini 
concerning the recent discoveries of very large accoma-^ 
latioiis of petroleum in Rangoon and in the United^ 
States. This substance is a combustible mineral oil,! 
composed essentiaUy of carbon and hydrogen, whiohJ 
may be employed either as fuel or for the purpose of« 
illumination. Petroleum, or rock oil, has long been j 
known to occur in various parts of the world. It is I 
derived exclusively from vegetable or animal matter, I 
and in many cases has certainly been produced from I 
coal by a natural process of distillation. According to " 
Professor Lesley, of the United States, one of the beet 
authorities on the subject, rocks hold it in three ways — 
by being more or less gmvelly or porous throughout ; 
by being cracked in cleavage planes throughout ; and 
by being traversed by large fissures, which are probably | 
all of them mere enlargements of cracks along the I 
cleavage planes. We have only to observe that gud fiieL'.l 
we may virtiutlli/ regard it in the same light as coaLf 
What is petroleum but the essence of coal, distiUecl'l 
from it by tertestriaLieot P 
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■eUANTITY OP COALS ESPOKTED FHOM QEEAT BEITAIM. 
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FACTORY BUILDINGS. 




INTRODCCnoy. 

Situation. — Before erecting any buildings for factories 
or mills, great attention should be given to the question 
whether they should be in a town or at a distance ; and 
also to proximity to rail, river, or canal. Pure and 
abundant water will be required for all factory purposes, 
but more in bleaching, dyeing, calico-printing, and 
paper-making, than in other works. The situation 
should he ako aa near as possible to the land producing 
the raw materials, to the market for mauu&ctnred 
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goods, and to the supply of fuel. Labour which can be 
relied on at all seasons will also be necessary. Wher- 
ever these exist in combination, more or less, manufac- 
turing processes can be carried on with advantage. 

Size.— The advantages of manufacturing with im- 
proved machinerj' wiU only be derived by conducting 
it on a scale of suflGcient magnitude. In that case, the 
division of labour is profitable, the raw material is 
economised, and the management and superintendence 
are confined within narrow limits. Up to a certain 
extent, the cost of production will be leas in proportion 
to the magnitude of the works. This fact has been 
kept in view in fixing the aize of works for which plans 
V and estimates are given. 

Plans of manufacturing establishments will vary 
according to situation and other local circumstances. 
In a majority of cases, however, the plans of factories 
given in this work will ho appheahle, or could be easily 
modified and altered to suit particular localities. The 
plana, though necessarily on a small scale, give a 
^neral idea of the works, denote the size of the build- 
ings, and show the disposition and arrangement of 
machinery. 

In almost aU the plans given, the machinery is 
arranged on the ground-floor only. This is convenient 
for the reception of the several engines and machines, 
and has great advantages where the different processet 
of manufacture are continuous flrom one department to 
another. 

In the Bombay cotton milla, as already explained in 
note on cotton mill plans, the necessary light for 
working the mill is derived from a series of glass 
windows, supported on the top of iron girders of roof, 
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the windows running right across the entire breadth of ' 
the mill from the rows of iron columa. The columns 
lire placed generally about 20 feet apart one way, and 
10 feet the other way, and these support the framing 
and top windows of the roof For mills lighted on this 
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principle from the top several thousand square feet of 1 
window glaas are required. Even for a cotton mill 
containing no more than 5,500 throstle spindles, which , 
occupy much leas space than mule spindles, more than 
25,000 square feet of glass will be required. In the 
plans given, however, a different principle has been 
adopted for lighting, based on actual experience. It is 
a great improvement, iniismuch as it dispenses with the 
scries of upper windows, does away with the iron 
columns, and with the nuisance of having several 
gutters inside the mill. The principal feature is this : 
that instead of one block, the factory buildings are 
divided into three or four separate wings, connected 
with each other, and leaving an open space in the 
centre for storing coals, building reservoirs, and such 
other purposes. The breadth of the wings ia so 
regulated that the iron roof for each may be of one 
span, resting on the two side walls, and having gutters 
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outside. In one or two exceptional cases the breadth 
exceeds 60 feet ; in all other plans it is much less. In 
those exceptional cases, if the breadth of the wings be 
considered too great for a single span, a roof of two 
ajjana may be adopted by having a row of columns 
running in the centre line. The wings in any case for 
all tile plans given will be entirely lighted by a series 
of windows inserted in the walla, to some ext«nt lessen- 
ing the cost in brickwork. No top windows, or even 







■dcylights, will be at all required. The windows being 

[placed opposita each other with top ventilators, and 
the roof being of one span, the ventilation in the mill 
coiUd not be better ; and the light that will be admitted 

_ from side windows would be ample. 

Working plans, with the necessary details, are given 

l.ly the machinist in duplicate after receiving the order ; 

f liese, being forwarded by mail steamer, and the build- 
ings commenced forthwith exactly in accordance with 
the plans, the factory will be nearly ready by the time 
the machinery arrives from England. The work of 

t erecting the machinery and putting up the roof aome- 
Itmes goes on simultaneously. 
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Extensions. — The plans have been so designed that 
extensions to works in a great many cases could be 
made without disturbing the machinery that may be 
working, at any time it may be found profitable to do 
so. It is a waste of capital and resources to ereot 
factory huddiugs, as is often done, nearly twice 08 
lai'ge as required in the first instance, and even to 
provide double the motive power, because future ex- 
tensions may be contemplated. This is a very unsatis- 
factory way of proceeding. 

The construction of factory buildings is, on the whol^ 
as simple as building a dwelling-house, only it requires 
exactness in measurements. Generally speaking, the 
structure consists of four walls and certain partition- 
walls. The materials for building the factory will, to 
a great extent, depend on the market price. The walls 
may be either built of stone or of burnt bricks laid in 
mortar ; the floor of stoue or timber, with iron or 
timber roof. The thickness of a wall will depend on 
the height it is to be carried — the only condition re- 
quired being that it should be substantial. Owing to 
the want of suitable machinery for sawing timber, and 
making wooden doors and windows, the cost is so high 
that iron windows made in Birmingham have been sent 
^— over for some of the Bombay mills ; also iron framing 

^L for roof, and corrugated sheets of iron, galvanised, or of 

^H zinc. 

^H Iron roofs for factories will be preferable in a great 

^H many cases to those of timber. The material is much 
^H more durable, dry, free from vermin, and not liable to 

^H be eaten up by white ante ; nor is it so heavy-looking 

^M as timber. In one mill in Bombay, in a double-tile 

^M roof, to support the heavy weight, inch teak timber- 
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plants have been used, coating more than £5,000, 
which item was entirely saved in another mill built 
close by, a few years later, by adopting the iron 

^!^ 

fhoning of roof and galvanised eheeta without any 
boarding undemeatb. In one mill at Calcutta the iron 
roofs are double ; that is, the framework has an outer 
I, and inner covering of galvanised corrugated iron, with 
a apace of 12 inches between them, as a protection from 
beat. The principals of 40 feet span are formed of 
uttice-work rafters 10 inches in depth, dispensing with 
the ordinary stmts and ties. 
It ia believed that, with a proper span of roof and 
Bgood ventilation, there need not be any apprehension 
■of inconvenience being felt even in the hot season in 
fcrarm climates from iron roofs. In two mills in Bora- 
vbay, one with a double file roof with inch-teak board- 
ling, and the other with only galvanised iron sheets 
mnit^out any boarding or felt, the temperature on a 
''warm May day was the same in both cases; both 
mills were hudt, hghted, and ventilated on the same 
principle. 



I 



396 rACTOBY BUtLUINGS. 

fnie -more Reproof a factory bailding is the bette r 
will be. This could be ensured to a great extent by 
avoiding timber as far as practicable — ^having brick 
arches resting on iron girders, doors and windows mode 
of iron, and other improved appliances. It would be S 
wise provision to lay out, in all the principal rooms, 
water-pipee, and, at certain points, flexible leather or 
rubber hose pipes, with brass nozzles, in connection 
with the main town supplj-pipe, to be used immediately 
in case of fire. In large works it would be wiser to 
have an independent steam fire-pump, so made as to 
be used for that purpose without any 
delay. A st«am fire-engine with double pumpt 
made as to drive the machinery in a mechanic's shop, 
also with portable boiler and fittings, will cost about 
£160 to £200. 

A Tnecianics' shop is required to be attached to every 
factory, for sundry repairs, fitted up with more or less 
tools, as already remarked in the section on iron work- 
shops. The best position for it in the factory buildings 
will be near the boiler-house ; it .should be diiven by a 
small independent portable engine whenever required, 
which may also be so adapted as to work a fire-pump 
in case of fire. 

Foundations far Steam-Engines, which are required 
to be very firm and stable, may be best built of stone, 
but not if stone is very expensive. In that case a solid 
brick foundation will answer nearly as well. By some 
mistake, for two cotton mills stone for engine founda- 
tions was ordered from England, and the freight came 
to more than 100 per cent, on the cost. 

Firebricks and fireclay will be required to build round 
the boilers, to resist the great heat. In Madras, in the 
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School of Arts, firebricks are made, and have been 
used in the GoverDment gun-carriage and other works 
there. Not bo in Bombaj-, aa for every mill firebricks 
and fireclay have been sent over from England. 

The Chimney in factories is built of ordinary bricks. 
Iron chinmeya wiU do well only for temporary, but not 
for permanent works, as a brick chimney is more 
economical in the ond. It would be well to build the 
chimney 5 feet or more higher than actually required, 
as the draught is regulated at pleasure by the dampers, 
otherwise it will coat a great deal more, if increased in 
height after the works were completed. 

The Design for a factory is not an unimportant 
matter. There has been, with hardly any exception, a 
total disregard of taste or design in mills built in 
India, at loaat in Bombay. Unfortunately a notion 
prevails that buildinga with architectural beauty must 
cost a good deal ; but not so necessarily. It is quite 
possible, without any additional cost, or at very slight 
extra cost, to relieve the hideous monotony and ugliness 
of a large brick surface extending hundreds of feet, by 
the introduction of wings and slight projections in 
suitable places, and by building arches over doors and 
windows of different forms. A pleasing effect is alao 
obtained by using with some taste bricks of different 
colours. Of course in no case should the interior 
arrangement of machinery be unnecessarily interfered 
with, merely for outward show of the building. In 
England some mills are magnificent structures ; for 
instance, that at Saltaire— as will be seen from the illus- 
tration — built by one who, once a farmer, by industry, 
enterprise, and intelligence, rose to be amongst the 
foremost in the rank of manufacturers in England. In 
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the Freuch Exhibition of 1867 the English boil« 
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liouee was built from a design taken from an Indian 
mosque, of which a photograph and description had 
appeared in 1866 in the Yolume on the architecture of 




Ahmedabad, published at the cspense of a native 
gentleman of Bombay, who contributed £1,000 for 
this purpose. 

English mills arc generally fire, six, and even seven 
stories in height, on account of the high price of land 
in towns, local taxes, and other causes ; they are 
worked during the greater part of the winter season, 
even daring the day, by gas-light, as the days are 
gloomy. In India this will not be necessary, on ac- 
count of the superabundance of light ; but when some 
particular mills are to be worked during night as well 
as day, a portable gas apparatus will be netessary, in 
which gas could be easily manufactiircd from coals or 
oils, or refuse fats. English mills, on account of the 
cold climate, are heated by steam-pipes dui'ing a greater 
part of the year ; in India, and other parts of Asia, it 
will only be required in a very few places, on those 
days when the fall of rain during the rainy season may 



300 



FACrOBT BUILDINGS. 



be very excessive, and only for some particular mitna- 
facturea. In Bombay, where the rain-fall la 90 inches 
during three months, on some days a few of the mills 
are heated, but not all, on account of the excessive nj 
moisture. In Madras, and other places where th« 
amount of rain-fall is much less, no arrangement t 
heating mills will be required. 

Cottages for the workpeople will be a suitable adjui 
to a factory — the more no where persons of vanonfl 
ages and both sexes will have to be employed, as n 
cotton, jute, and other large works. The cottagt 
should be built within a very reasonable distance fi 
the factories, and fitted with hot and cold baths, a 
other conveniences, and let at a nominal rental to t 
workpeople. The sKght loss in the interest of eapib 
in building the cottages, the cost of which, compared' 
with the cost of factory buildings, would be inaignifi- 
cant, will be more than amply repaid by the advantages 
gained. It woidd tell even on the ^financial proape 
of the undertaking. 
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EicaTation for foumlationfl, pur 100 coliic feet . .0 
Excavation foi' 2 wells, 20 feet deep, per ditto . . 2 
Bubble work for foimdntionH, per ditto ,. . .16 

Tipper rabble work, per ditto 20 

Brickwork for waUs, boiler, and engine-bedB ; cliiiii- 

noy, 15 feet high; per ditto SI 

Brickwork in chinvD^, height 80 feet, per ditto . . SO 
Brickwork in arches m engine-hoiiae, &c., per ditto . 36 
Firebrick-work, labour only, Rt differeTit pricea, per ditto 
Plastering tLe walls, in and out, per 100 superficial 

feet 6 

(With well-mado bricks plastering will not be requirei 
Btone pavement for flnoring, per IDO Bqunre feet . . 35 
Btono for shafting, size from I'S x I'l x 1'3, at dif- 
ferent prices, per ditto 

Dhopaa and fitter fltouca for iron pillars, at different 

prices, per ditl« 

Teak doors, 13, windows, 20, for walls, per ditto . . 

(Upper windows, 640, of iron, not included.) 
Teafc boards under iron sheu^ of roafs and btacketa, 

1 inch thick, per ditto .... . . 30 

(This item, has been saved io. one mill by doing 
away entirely with boarding.) 
AliscoUaneous timber-work, at various prices, per ditto 
Iron roof and windows, including ooluuma, girders, 
fnuning-, galvonisod iron sheets, ^tters, &c,, 640 
iron windows, gliiss for windows, including freight, 
insurance, lending and cariing, and chai^oa Ibr 

Orettion 

Firebricks and fireclay for boilers, inclndiog freight, 
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Id epana not exceeding 30 Teet 



CoTmgated ii 

(save tie-rod ~ 

the walls), a 



the arched form, without any ftuniewe 



Far spans not exceciliiig 25 foct. No, 20 gauge ir 



liongh plate glass, cast, for factoiywinitows, roofing, skylights, &o.,ir; 
ootit, i thick in plates, from 20 inches long op to 120 inches, &«ni li. 
2>. Chequered polished plate gls^a for office windows, &c., wdl co 
from It. 6<1. to 2>. &j. per foot 



Bolf-coilrag revolving shutters for windows and doore, made of wooi 
laths, connected with hands otateel or iron, or made in one sheet enSrefy 
of steel, the price ranges from 2s. te 4«, per Huperficinl foot^ and tOr 
factory galfis anddoora, &c., will answer tetter than heavy iron sliding- 
doon, heing more secure and efficient. 






length i°^^| 



NOTE ON FA.CTOBT BUILDINGS. 

The coat of fiictoiy buildings will be eaBily calcnlated from tho 
dimeaaianB sivon. with esoli pl^, in the place where the lacloiy may 
be [iFOpDseil to bo erected. In Bombay the coat baa been excesaive, 
ua will be Been from the fisureH given, thoiisb In seveial places it is 
believed it would be much Tees, However, this is a. point on which it 
^vuuld be easy to arrive at A doGnito tlgiire in a aatiafactory maoner 
by thoBO most interested io the aubject. If the walla are of brick, and 
tile buDdinga of only ece atoEy, the thickness of the factory walla need 
not exceed 15 inches ; the main wall, on which generally, in teitilo 
works, reata the main shafting', ahantd be IS iochea ; and the parlitiim 
walla dividing one room from another may be 1 2 inehea, or even leas, 
in thiukoesB. For a chimney, supposing' it is 90 feet high, the thickneas 
of tho brick- work will be IBinchea at the haao and gradually diminish- 
inglo S at the t«p. 

The gauge of the galvanised sheet iron for roo& nommonly naod IB 
'So, 20 ; but thia ia governed Io some extent by the spacing of the 
purlins, or longitudinal aupporta. Whore these can be conveniently 
spaced at intervala of about 6 to 6^ feet, the No, 20 gauge ia sufficient; 
bnt in the wider roofa it ia often more convenient to employ stronger 
purlina at longer intervala, and in such caaea No. 1 8 gauge ia adopted. 
On the other hand, where the spacing is much reduced. So. 22 gange 

Zinc sheeta, eormgated, and of Italian pattern [which is strong), 
have been naed in India over iron framing for roofa. No boarding is 
noceaaary, but the Itahan zinc ia laid on lolla of wood, which fit under 
each fiute of the oormgation. If felt is to he uaed to exclude the he«t, 
it can be nailed down to the boards. Zinc perhaps has this advantage 
over corrugated galvaniaed iron sheeta, that as old metal it -will be 
alwaya worth in India and the East, whore it is used for waVrTi g brass, 
nearly as much as it will coat in England, But it will cost more than 
corrugated galvanised sheets in the first instance. An iron roo^ if not 
well put up, will bo a aource of groat annoyance. Leak holes will be 
caused by rigidly nailing or acrewing down each sheet af roofing in 
lieu of riveting the intermediate ahct'ts, and fkstening the ridge and 
eave ends. In one mill with half-inch teak planking, and felt under- 
neath the aheets, on account of tho sheets being screwed together, 
water came in in quantitiea ; while in another, where the roof waa 
well pnt up, and the sheets well riveted, without any planking or 
felt being uaed, not a drop of water leaked into the mill. 

The size of tho rcacrvoira for cooling the hot ivator f 
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oc compoiuid ongines will have to be regiilatBd nccording to 1 
tion nf the groand ; but the larger the surface exposed, and protected 
Iroin the rays of tbs sun by plontrng large trees, the better it vUl be. 
The depth need not exceed 3 feet. In all plans given there is ample 
retnn for CTOctirig large rescrroira in the yard, and thus the open space 
left will he economisad fbr that purpoeo. If another reaervoir is placed 
in fruDt of the ihttarv buildings with a fauntain playing in the centte 
it will answer a double purpose. Where space ih limited, large iron 
tanks for cooliiig the water are placed over the boiler hooae and other 
parts of the fartory. In one null there being two wells about 20 foet 
deep, one was made to answei' for diswina; tlie water for condendng 
lite^n, and the otbei' for poiiriog in the hot water ; the wells were 
UiuB used alternately. But the depth being the same, and the well* 
neur each other, hot witt«r from one communicated nith the other, ood 
also with other wells surrounding the mill property ; as Uion 
cuol wttter for condensing stuam, there wob greet difficulty 1 
ing tho engines; sometimes entire atoppuge of the works was t 
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FORM OF INDENTUHE. 

Tkia Indenture msdo ^lotween of 

of tbo one port, and inhn'bitant, of tho oilier ptirt. 'WhereaB 

the mid being alimlntelj' poneHcd of, or veil and suffi- 
ciently entitled to, an estate of inheri^nce in pflrpBtoit^ of and in die 

piece or parcel of land called and premises hereinafter 

particularlj' dcsciibod. bath contrarttd nnd nKreed to, and with the 

■ud , to grant to him a \pa»e of the same for the tt^im of 

ninety-nme yean Irom the flrst day of 18 .., renevahlR for 

erer, under and eubjcct to the rente, prnriiuona, conditiona, and af^ree- 
menla hprcinaRer reserved and contained. Now this iiidoiiture 
witnesaeth that in pursuance of the laid nprcemcnt, and for and in 
eonaidpration of the rente, covemuitfl, provigfona, and agmementti here- 

inafter reserved and contained, and on the part of (he said 

his cxecutnra, administrators, and osaieng, to be }»id, ob«eryod, and 

performed by the said , doth, by these presents, demiae 

and leaite unto the said , bis eiecutnrs, administrators. 

and BHsienB, nil that piece or parcel of land, eitaate at , and 

ontcrtd into the boolu of the collector of land revenue under No , 

and containin)c square yards, l)e the some more or less, and 

bounded on the north by the property of ; and which said 

oiece or parci^l of land, or part, is more partjcularly deliueati'd or 
described on the pliin thereof drawn on the margin of these preeents ; 
together with all trees of every description growing and standing 
tharecn, and all and sineular the honsea, out-houses, ways, paths, pas- 
smges, water-courses, w^ls, drains, easements, privileges, proQta, com- 
moditieB, and appurtenances whatsoever U> the said piece of land and 
premisos, or any part or parts thereof be]ong:ing or in anywise apper- 
taining thereto. To have and to hold the KiTne piece of land nnd 
hereditaments, and all and Hngular other the premises hereby demised 
and leased, or intended so to be, with their appurtenances, unln the 

mid , his oxocutors, ndministmtors, andassiitns. from the 

mid firat day of , for the term of ninety-nine yean 

thence npit ensuing and fully to be ended and completed, yielding 

and mying thereon unto the mid , hia heirs, executors^ 

admini Htm tors, or aHtigns, the yearly rent of by eqlial 

payments of commencing from the first day of , 

IS,., &ee from all deductioiis whatever during the said pmiod of ninety- 
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nine yeats. And the said dotli hereby for bimeel^ faft' 

heira, eiwutora, adnimiBtrators, and BflBigna, covenant ond agree with 

the said , hia heira, eiecntora, adminialTatorB, Di asngtu, 

that hp, the aiid , his eiccubtra, administrators, or aaagne, 

shall and will, during; the continuance of the said term hereby granted, 

pay, or cause ta be paid unb) the said , hia hens, exeeu- 

tora, odministrat^ira, or aHsigfna, the yearly rent hereby reeorred, at Ou 
times, and in the manner, hereinbeibre appomUd, for the payment 
thereof reejiectively, free and clear of all dedactianB whatauBTsr ; and 

he, the said , his heirs, executoiB, adminiabators, or 

asaiRna, shall and vill pay and dischai^ or cause to be paid and 
discharged, all toxoe, Tat«a, asscssfnentB, and impositionB whatBDerer 
(eicept as hereinafter mentioned), now or hereafter daring the con- 
tinnance of the demise, to be taxed, rated, aaseased, and Uiarged, tir 
improved upon, any meBsuages, buildings, or trees, which may now (t 
hereafter be erected upon the said ground by the ssid .,,..... 
hia executors, admin iatralora, or aasipns. Provided always, and 
presents are upon this express condition, and it is hereby ~ 
between Ihe respectiye parties hereto, that if the rent hereby ~ 
or any of them, or any part thereof, shall be in arrearo, oi 
either in whole or in part, for the space of three months next ofhs' 
any of the same shall become payaUe, then and so often as it aboil 

be lawful for the said , his heirs, executors, odminis- 

tzators, or asaipfus, to enter upon and distrain for the same, oiid G>r tjui 
costs and ehoriires ocmsiuued by the non-payment thereof upon all cr 
any pert of the said hereditaments and premises, and to dispose of the 
distress and distrceaee then and there fniind, according to hiw, to thft 
intent that thereby the said qoarierly payments, and every part thereof, 
so in arrears and unpaid, and all cdb1« and charges occasioned by raaaon of 
the nou-pB^-moat thereof, shall be fully paid and satisfied, and ihirthar 

that he, the said , his executors, administrators, and 

assigns, shall well and truly pay, or cause to be paid, to the said 

his heirs, executors, adminiatratora, or assigns, the said 

yearly rent of , on the days and at the timex bereinbefoie 



Ad'tt^£^ 

reservad, J 



whatsoever ; aai the said , for himself, his heirs, eiecatois, 

administnitoi's, and assigns, do hereby covenant and agree with the 
aaid ............. hia executors, admimatratora, a ' 

said his executors, administrators, or asaigns, paying tl) 

said rent of , in manner aforesaid, and Qhscrving and pr 

forming all and singolar the cDvenanta, proviaions, and agreemen 
on his and their part to be paid, observed, and performed, as of 
said, "Tin 11 and may peot^td^ and quietly have, hold, and o 
possess, and enjoy the said piece or parcel of land, tenements 
ditaments, and premises, and oU (he trees, with their appurtenau 
and during the said term hereby granted, without any let, suit, Ir 

molestation, interruption, or diatorbonoe of it by the said 

his heirs, executors, admiuiBlrators, or assigns, or any utJler p 
or persons whomeoever, claiming or to claim by, from, or under him, 
them, or any oc tither of tham, or any of hia Hucrstois, and that ha, 
Utesoid , big heirs, execuCora, admiiufitmtai 
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d impoflitioufi upon or iu respect of the buid yau _, , 

now or lipreitilier during the continuinRe o( tbo demise horebj mada to 
be taied, rated, aa^efiaed, charged or imposed upon the ground herahy 
demised, or any part tberpof, and that notwithtitaiidiDg any grant, act, 

deed, matter, or thing whatsoever, by him the sojd , oi 

Boy of his anccetoni, made, done, omitted, cammjtted, or eiecut»l, or 

knowingly or willingly sujfered to the contrary, the said 

DOW hath in himaelf good right, full power, and lawliil and absoluti 
anthority by tbese preiieDte to demise, and grant, or eecure of the said 
piece of land and premises hereby intended (o be devised, and every 
part of the some, with the appurtenaooos, according to the true 
mtent and meaning of these presents, and that &ee and clear, and 
freely and deurly acquittJid muI discharged, ot otherwise well and 
■offidently saved and kept harmless and indemnified by the said 

.his heirs, executors, admiiuBtratorB, of, from, and against 

all tbrmer and other gifts, grants, demises, assignments, leases, 
mort^ges, charges, and euau]Dbraui?es whatsoever nod, made, done, 

oommiMed, sulfiifed, or executed by the said , or any of 

his onoedtors, or any person or persoos lawfully claiming hy, through, 
midsF, or in trust fur him, Ihem, or any of them. And furiher, that he, 
the said ...... ....... his heirs, executors, administrators, or assigns, 

shall and will, at the expiration of the term hereby granted, at the 

request, costs, and charges of the said , his execul4>rs, 

Bdministratiirs, or asaignH, and on payment of the siim of , by 

way of One or prumlum for such renewal, forthwith duly make and 

execute unto him, the said .his executors, administrators, 

or assigns, a new and further lease of all and singular the premises 
hereinhefure demised, at and under tho same yearly rent, and «'" 
and subject to the same conditions, covenants, providions, and agi 

meats, including this present covenant, as in thtise presents engroa. 

and contained. And further, that he, the said his hein, I 

executors, administiators, and assigns, and every person whemsoever 
lawfully claiming any legal or etjoitiiblo estate, right, title, term of 
years, or interest wbataoever into or ont of the said premises, by, from, 
thmogh, under, or in trust fur him or them, or any of his anceslora 
(other than in respect of the said rente hereby reserved, ami all the 
powers and remedies hereinbefore provided for securing and reserving 
tiie same], shall and will from time to time, and at all times hereafter, 
on the reawjnable request, and at the costs and charges in all things of 

the said his executors, adoiinistrators, or assigns, make, 

do, execute, or cause and procure to be made, done, and executed, 
every such further and other grsuted deed or assurance in the law 
wbHtsocver for mure eU'ectuully demising and assuring the said piece of 
land and jjremiscB unta the s^d , bis eieoutora, administra- 
tors, and assigns, according to the true intent and meaning of these 
presents, under and subjeci to th'- rents and covenants aforesaid, aa by 

the said , his executors, administralore, or uaaigns, or 

their counsel in law, shall be reasonably advised and acquired. And, 

lastly, he, the said , for lumeelf, his heirs, executors, ad- 

minutrator^ and assigns, doth hereby covenant and agree with the 
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HOid , his oxouutora,a<tiiimiHtratoTB. and naaif^, that lie, 'Uie said ■ 

hia huira, oiecuton. udmiuistimtors or asidjiiia. nill and slmll, 

froin timD to tiiiie, and at all tunui hereafter during tlie mntmnance of 
laty demise (iinlpaa prevented by fire or other mevitahle accident), npoD 
every reaBonahle request, and at the proper costs and phargBB of the 

said , his executors, edininiBtratorB, or aaai^a, produce 

and show in , to the said , hni siectitoTa, 

administratore, or aesignB, or to his or their counsel, solicitor, or agant, 

a bill of gale from the , dated , for the traoBpoi- 

tatioD, Bupport, and defence of the noBaeesion, estate, li^ht, title or in.- 

terest of ihe said , hia executors, administratiirB, and 

usaigTiB, of him to, or respecting the said laud and pnaniaefi hereby 
deniised and leasod, or any part thereof; and also Uiat be, the said 

, hia heiis, aiecntors, adminiatmtora, or asaiprnB. shall 

and will, upon the like requeat, and at the cost and charges of the said 
,. .. ^- . - -.- .r his heirSj BEBCut^ra, adminiHtrators, or aasigns, make 
and deliver unto the said .,..,, .,...., his heirs, executors, adminis- 
tratoTB, or asaignB, or to hia or their counsel or solidtor, true aJid 
attested copy or copies of and extract or eslracts fitim the said bill of 

In witoflsa whereof, the aaid partis to these preacnta have heiH 
Bet their hands and seals, the day and year above writti 

Signed, sealed, and delivered, by the wiOiin najned . 
the presence of us. 
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GENERAL HINTS ON FACTORIES. 

Tbe estimateB and prices given in this work, it nood scarcely hn 
said, must be considered as approximate. The pricoa of machiDery 
win vary mora or less according to tiie price of motals, wages, &c. 
Wages throughout all parts of England ore riaing steadily every year, 
and atrikes for higher wages are common enough. Even !□ the same 
~'""e, for preciaely lie same machines, the eHtimateB (and esclusively 
1 fitst-claas makers) will vary from 10 to 15 per cent, or more. 
uuo maker may have orders on band to last for some months ; another 
may be a little "slack;" or, if the machinery be for a new market. 
■roe who has more foresight, in order to obtain a hold in that market 
for his machinery, will not much oare what percentage he makes. 
From IJiis and other causes pricea of machinery will vary even at the 
same phice and same time. 

Cheap machinery will prove the dearest in the end ; and it will be 
felae economy to send orders to Eoglaad to purchase such. It is not 
only necessary that machinery for Iiidia and the East should be made 
in a fiist-claas style, of the best worlimjuiBhip, materials, "T^rl finiah, 
bat that it should contain the latest imprDvements, or the improve- 
ments by which a greater quantity could he produced, or saving 
effected in the cost of production. This is of much impurtaDC«, aa the 
cost of tbe machine itself ia a matter of secondary oonsidenttion, tho 
progress of improvements in machinery being continuous. A new 
proprietor can avail himself to the fiiUest extent of new improved 
machinery, and heat the old ; whoreas the old. even if be has the sense 
and desire, is not always in a position to avail himself to that extent. 
With the aid of improved machinery, obtained principally from 
England, and chuiipcr labour, wilJiout coals or even the raw materials, 
the Continentals, in some manitfacturea, compete with the English in 
several markets very aucT'esHfully, 

Tlic coat of packing machinery, as a rule, amoonts to 10 pur cent. ; 
sometimes an additional charge in made for delivering it alongside the 
ship. Freight and insurance on machinery will amount to aboat 
W per cent., more or less, acoording to the class of machinery. 

Section of machinery is not at all a difScult task in a place where 
■killed labour is to be had, as each part of a machine, before beinp; 
packed and shipped &om England, is marked and numbered, so that tt 
fits in exactly and truly when erects in the factory. When the 
machine is complicated, drawings and full directions are sent. The 
moat important point in the erection of machicery ia accurate level 



buck to England aHer their work is completed. This is done e 
Buetda and other parts of Europe. At aD events, for the present, for 
carrying on almost all the industrial nmnufoctoring enteiprisea in 
India and the East, English managers or superiDtandentB, or by what- 
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aver nsme they may bo called, will be ni(|ulred, till a class of natin 
meiihaniuil engineerB, truioed up fur tho Bpeoia! work, spriugB n 
Thu agreement witli the European managers who me engaged 
Englmul da geneiallj for a period of throe yeara. It is (Ueor tl 



upon t^e right cheiee of a manager will depend 



.a of the ei 



_ a great ^ 

enterprise, Tbe maohineiy may be the best, with iH 
the latest improTeniente ; hut if the manager is an '■incapable," or 
iodifforeiit, or careleBs, the enterprise will prove a failure conuner- 
eially. It is thorefore sbaoltiteij' necessary that lie intetssla of & 
muiager oueht to be combined witli that of the proprietora ; and that, . 
beyond recetring a fixed salary, the manager should receive a eeriainj 
bonus out of the profits, or in proportion to the specific amount of wi ~ 
turned off beyond tho stipulated quantity. Sometimes Europi 
maaagera, after arrival in tne East, seeing that so much of the hi 
cess of tho enterprise depends on Umm, do things which they caa 
never dare to do in England, and forget their dnties. In such unfoi^ 
tunaf^ cases, in order Just 1^ cheek them in time, and to romind Uiefa 
of their duties, all the necegaary clauses should he inserlod in llieir 
BgreemenlH ; hut the less the chect applied, and lie more liey an 
treated with MndnesB, the hetter for themselves and their employeis. J 
A fomi of agreement has 'been given which requires merely the bl 
lo be fiUed up according to circumstances. 

Jfatiei MxhaHical Ihiginreri. — Katives who have been, sent M^ 
England, and trained as meclmuical engineers, have done good si 
in introducing improved machinery, chiefiy in Western India, a 
have received very handsome aalaries. One was placed in a high pt 



departments of machinery. But such examples have been very n 
In Bombay some of the cotton mills are entirely under the mana^ 
ment of native engineers. But every native, before being placed ii 
such a position, ought to receive a good Gnglisb education, and B 
regular training in practice as well as thooij, so that he may a ' 
efficient service. 

Classes in the Indian Grov«mnient colleges for civO e 
havB been formed on the European model; and a native „ ._ 

lately gave a large donation of money for a civil engineering coUcgKtl 
But India wants mechanical engineers as well as civil, to aaaist iB 
developiuE- the resources of the country, hitherto so neglected ; and il_ 
behoves Government to afford every &cUity to In£an youlhs tat% 
receiving the education necessary for a mechanical engineer. Lately^ 
a company was started in Bomhay for advancing money at a verj' 
moderate interest to those natives who were deairqniB, and who wan 
qualified, to proceed to England to receive their education as dsi] or 
mechamcal engineers, and for other professions ; but the company hoi 
ooUapsed, and nothing whatever has been done. The Qovemment 
a duty to India in trjiniug her sons, who will be instrumental in 
~ "" ' -e of oiviliuiition, and adding tc 



perity of the ci 



ntry. 



o the wealth and pn)i- ■ 



GENEEAX rOEM OF AGEEEIIENT WITH ' 
EUROPEAN MECHANICS. 

AttTiCLEB OF AoKiEMEST, made tlufl day of , One 

ThDnBaiid Eight Hundred and Siity- between 

rBBiding at , of the one pHjt, Bad , 

Engineer and Mechanic, of tlie other part, 
WibieKHetb, that for the considorstiona on the part respectively of 

the said , and the eaid hereinafter ei- 

preseed, it is hereby agreed between tlie said and tbe 

said , as follows, that is to say : — 

1. That the said shall enter and be engaged in the 

Berviee of the aaid his Bxecutors or admimstralflrs, or 

any of his or their fature partner or partnera, BQCceeaors or assigns, at 

oertAjn ^orka or miUa of the aaid ..., ..,, about to be ereuted 

at , for the term of years, to commence and be 

COmpnted and terminable as hereinail^^ contained. 

2. That in the discharge of his dutios he shall, with all due care, 
attention, and dlligeuco, conduct and complete in proper and perfect 
Older, the erection and £tting-up and keeping in the moat perfect 
working order und condition, all engines and valves, and bU machinery, 
gearing', and thafting, aa may bo reqnired of bim, and all other 
nULchinery that may be requisite and nccesaary, to put the same into 

' ■" ' work, and Bo to place and arrange all valves of engines 
!s may work steady and perfect, and so to set all valves 
nith the several boilers that the Hl«am will blow off at a 
given presanre, and so to fix such wheel gearing and shafting that the 
■ame will run evenly end work with perfect truth, and as Is raqitisit« 
and usual in all perlect machinery used in such factories, and that he 
will put the same into full work and take charge of and keep the some 
in p^ect working order and condition, and so that they vnll not, nor 
will any of them, in any manner, spoil or injure any of the work or 
mana&ctare. 

3. That he, the said , will remain in the service of the said 

.-..■.....-.-■, his or tJieir eieeutore, administra-tors, or uaaigne, or 
other the person ur persons for the tim^ being the partner or partners 
at any time hereafter in ihG said works of for the period of 



full and perfecl 



*. That hi 



n the di 



eicluaively to the service of the said 

, or other the persona hereinbefore conlemiilated, in all 

the nsual and regular honra of bnsiness, aickneaa or oUier unavoidable 
acoidents eieepted, and will not absent himself from such service with- 
ant his or Uiuir leave or permissioa in writing itrst obtained, and will 
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ObOT all hif mnd tluir c( 

ana diiectioiii of tar Ihe time bnag of nub miAs, aod 

to the beat of hia BbQilaea will &ifiifiilly, iMsteetly, and diligently 
eieciite such work as he or they dull dcara him to do, and will also 
to the best of his abililiee teach and irutmct all the handa and ajqato- 
ticua Hmployed in and about the said worlm in the ait, mystery, and 

managemoitt and directjon of all or aay of the said engines, 

valves, boiloiB, and other the- said mai'Iiliieiy ae maj be reqniied of 
him. and will also devotv thu whole of hia tima, attentioii, and abilitiea 
to tiie nffairB and conixma of his said pmployeiB, and will do evety 
airt, mottOT, and thing required of him in reference to the uontHms of 
the said huainsHa, and will alao attend to every hranch or department of 
dudi works as aforaaiud, or which shall <a may, from time to time, and 
at any time during tie said period of atrvice, be reaawiatdy reqniied of 
him, and will, in the performance of all such duties as aforesaid, dbb 
his beat endeavonis to [ODniote the interest of hia employers hy dos 
care and diligence, and will b« faithful and just in all hia dealings and 
transuutiona. and aubmit to all such rulea and regulatioua in refercaice 
to boainesB houra of attenduace, leave of ahsenoe. and otherwise, as 
shall bo in force and may from time to time bo required to be obsifved, 
and ahall in all things attend to and abide by the direutions and orden 
of hia said emuloyer or employers or their chief nianager for the time 
bcinf;, and will not hinmul f, during the said term, nor permit othen, to 
wilfully apoil, waste, embezjEle, or dostroy any tools, implement^ 
machinery, or things conunitted to bis chuige or care or dthErwise. 

5. That if^ during the continuance of de said term, through iny 

stoppage of the works of the said , or if throosh any 

cafflialty whatever (not occasioned by or through the neglect or de&nll 
of Ihe said ) occurring, by means wheruof the se ~ ' 

shall not be callBd upon ti 

busineBB, the wages payable as hf^rcinafler mentioned to the said ,. 

. . , shall continue to be paid notwithstanding, provided that is 

such stoppage or caanalty be occasioned by such negle(4 or de&n' 
then and during such time as the said works shall be stopped, tl 
wages of the saJd shall cense. 

6. That in the . event of any such stoppage or casunlty, iroia ai^l 

cause whatsoever, and of the aaid being unoccupied, ar 

account of the time so not employed ahall be kept, and the said . , 

, or other the employer or employers, ahall at any timet 

afier be at liberty to require the services of the said 

an equivalent period of time, but only at such reasonable honra b 
or over the usual houra of duty as he or they may appoint, and ai 
such lost or unoccupied time may be fully nmde up during eitia h 
and it is expressly agret-d that in reapoct of such extra time no ftUow^B 
anue in the shape of extra wages to tho said . 

7. That he, the said wUl not, during the siud U 

of three yoaja, engage, uiJess with the consent in writing of the at 

, or other the said person or persana for the time bei ^ 

constituting tho principalq in the said works, in any trade, buajness, M 
employment other than as sforeaaid, nor will serve any other p> 
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_ ipaona 6m hire or reward in any capacity ■wJiataoeTer or otherwise, 
nor attempt to impede his employers in their buaiaeaa, nor divulge any 
of their Becrets or connoctiona to any persons whomeoever, and inll not 
do or engage in any act which may anHt or disqualify him from the 
ragnlar and vigoroiu discharge of hia duties, or which may be reason- 
tibly expected to induce or bring about any such infirmities or disquali- 

ficatioa ; and that if he, the said , shall, without lawful 

excnae or cause, quit the service of the said , or of the 

» person or persons interested in sjid nunng iTig the said concern dnrdng 
(he continuance of these preseuts, such latnul excuse or cause hi be 
Certifled in writing under his ur their li Hi"i'<, l^e said 
■Will pay or cause to be paid to the said his eseculora, 
'tU administratarB, or other the person or parsons aforeaaid, the sum of 
sterling, and not by way of penalty, hut us ascertained 

8. Tliat in case the said shall be foond to indulge in 

intemperate habits while in the performance of his duties, or in case of 
wilfnl negligence or inattention to directions, irregularities in att«iid- 
snce at the luiual and customary hours of work, abseuce without leave, 
except as aforesaid, embezzlement, or not performing his duties efil- 
CieiiUy or to the satisfaction of his said employor or employers for the 

time being, then the said , hia executors or odministra- 

loie, or other the said person or persons, shall be at liberty to deduct 

torn the wages of the said such part thereof as ma; be 

equivalent to any loss he or they may. eastaio, and to discharge the 

Hid on giving him one calendar month's notice to that 

effect, or on payment of one calendar month's wages, to discharge him 
immediatoly, and thereupon this agreement and all U^e clauses, matter 
and things herein contained, shall ceaae oud detemune, except so &r as 
the recovering irom the said the said d^nages as afore- 

6. That he, the said , will, during the continimnce of 

these preaenta. find and provide himself with and pay all charges he 

fn&y incur for board and otherwiae- 
I 10. And the aatd , aa his part, agrees with the aaiil 
n« ,...-.... ., that iix considFratioii of the said sei vices of the said 
i , and of lie agreement on his part hcioinbefore con- 
tained, he, the said his executora or odmimstratore, or 

other the person or perBons for the time being intereated in the said 
works, wiU, for the said period of years, delenniiialile neverthe- 
less as herein contained, pay or cause to be paid to the said , 

ilie wages hereinafter declared, that is to say, during the first foui' 

'endar months thereof a salary of pounds sterling, oi' 

. . . per calendar month, and at the expiration of the said 
IT months such salary shall be advanced and raised, and shall be at 

~~'~ of pounds sterling, or rupees it being 

iloss declared that such last-named advance shall not bo 

o the payment of the said pounds sterling, or rupees 

. per calendar month, but immediately and so long as all the 
■chinery in said works be running and kept in full and perfect 
xttk, then the said Uat-named advanco shiill he at once furthei 
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, poanda Bterling, or m pw 

m end of the said tern of thtse 

heretn declared ; aod it ifl alflo 

if at utj' tine dnring the contiimnnre of tbete presfntc 

UDCTj, It' bong wor k ed uXtj boon during any week or 

laD intdDce aad tom off any ^Aa quantity of the b«8t or 

qnalitj' anr and abcne , then and in sach event, ud 

wmw iDch extra inantity orer utd abore the said ihaD Ite 

tnnwd cA tha aaid ihall be pud forUier wag:e8 over and ' 

above and in axceaa of the nid last-menliDned increase at the rate of 

far emry w pindoL-ed or tinned off over and abore 

the aaid ; it being diatmi^lj nadeistmid and agreed tliat the 

additianal is onl j to be paiil to the said in the 

event of hi* pndncing the eitn qoantitr of vithin (he mxty 

working tumn named. And it ia forther declar^, the said wag 
of the said ,,,.,,,.,... shall he paid monthly^ the lirst aiun of money 
to be paid at the expiratioD of one calendar month from the daM 

11. That the aid irill, at his owi 

cooTsy tfae aaid as a eecond-class . 

the eaid btthfuUy obeerve and perform all Ihe 

and itipnlatiane herein contained ontit the expiration of the said term 

of years as aforesaid, or should these prteents be put an end to in 

writing by mutual consent, and iko stipulation in Buch writing made to 

the conttnry, then the aaid , his execntora or admini ' 

ton, will St lus or their own casta and chuf^ee, and without any esj , 

to ^e aaid , fiod and proride him with a eeoond-daa 

paaaaga back again to England. Provided, neverthelesa, and i 
here)^ mutually agreed between the said parties to t^ese presents, that 

incase the said shall remain in onhiaown 

account afterthe expiration of the said term of yeaia aa aforesaid, 

or after these presents shall be put on end to as coiil«mp]ated in this 

clause, and does nut leave within one calendar numlh 

from either of the said periods, then the said shall not be I 

entitlwl to any muney or asaistsjiL'e whalt^vur on account of hia tnrel- ' 
ling* expenses home. 

12. And it is hereby motnolly agreed and declared between the aaid 
parties lo theae presents, that if it be tertilied by two competent medical 

man, one to be appointed by the aaid , and the other bf 

the said , that the climate of will prove fat^ 

to the health of , then the said , by giving J 

.... calendar months' notice in writing to the aaid his I 

(«ecut«Te or adminiatrators, uf his intention so to do, shall be at liberty J 

I quit the service of the said , provided at the expira" ~ 

~ . months he forthwith proceeds to England al 
own expense and charges. 

13. That in esse the worlis, machinery, or any part thereof, be 
wholly or partially destroyed by firo or othtrwisu, or if while landing, 

or after the arrival and erection of the machinery in 

aforesaid, the same shall become iiyuiGd, it shall be lawful lea, bat not i 
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* oompnlsDiy apoa, the eaid hie execuloca or aclmlniatrs- 

tois, at any lime, to (ledare in writing to the Haid that 

thiB agTGemeDt is void and dEftenninod, and thereupoo these pi'eaenta 
Bhall cease und determine, escept so fai as conlemjihited iu clauaes 
7 and 15 of thuee preaents, and for the purpose of enahling the said 
, hU executors, admiiiiBti^torB, or assigns, trota recaver- 

14. That ii', in the event oE the said hie executors or 

adminiatrBkiis, putting an end to these proHeuts, as cuntempUted in 
oLtnae 13 hereof, and there shall he nothing due or payable to him or 

them imder clauses Sand 13 of these preseut^then the said , 

his executors or administratorB, horeby agree forthwith to pay to the 

said three calondoj' months salary &oni the da.te of such 

declamtion, and to find and provide the said , without 

any cost tu the said u aecund-clHss passiLgo home from 

tu England. Provided. neveitiialcBX, and Uus agreement 

is upon the eipreas condition that euch throo months' salEiry shall not 
be paid nor payable, nor nhaU such passage be provided, unless the said 

shall forthwith when required return direct from 

to England as aforeeaid. 

Ifi. And it ia further declared and agreed that in caae the said 

, his executors or adminiati'atots, shall find the said 

not competent to discharge his said duties in a skilful 

and efficient manner, ^id to the satislactiou of the said , 

or such other persons as aforesaid, or their chief manager for the time 

being, then and in any such case the eald his executois 

or a^ninitftratorSr niay, if they shall think £t, put an end Ut this agrees 

ment, and every part thereof, on giving 1^ the said 

months' notice of their intention so to do. And furlher, that in case 
Uie said -..,.....,.. shall neglect his said duties in any way, or shall 
absent himself ae afoi'esaid witbout ieave &om the works or othei place 

of business of the said , or from such other duties as 

aforesaid, as he or they, or their chief manager for the time being, may 
have directed htm to perform, or committing any breach of the etipula- 

tione of this agi'eement, then and in any such case the said 

shall pay la the said the sum of as and for 

liquidatJ^ damages, and not by way of penalty, and it shall also bs 

lawful for, but not compulsory on, the said , his executon 

or , administrators, or othera, the partner or partners of the said 

for the timu being, or the chief manager for the time 

being, at any time within seven days &om such neglect of duty or 
absence without leave, on committing any such breaches, to put an end 
to this agreement, and thereupon at any time during such seven dayv 

t« discharge the said ; or, if the said , hia 

executors or administtators, or other Uie said person or persons, shall 

not think fit to discharge the said within such Bevua 

days, it shall be lawful tor bim or them, but not compulsory, at any 
time within two months after such neglect of duty, to give to the said 

one month's notice of their intention to put an end to 

this agreement and every part thereof, and in such ease tJiis agreement 
(hall &om the expimtiun ol that notice -oeoae and be void, tiicept m tax 
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n tlio said the said d 



n aum tlie mid ahsll tbrongli 

any neglei't or dcifuiilt, of bis own, or by reason of the breach of bdj 
stipulatiun or Bj^omivit hercLa set forth, oocasion or cause any stoppage 

of any of thu works of the auid , exeuutors or admiiustia- 

tors. or hia or their paitner or purtiierf, Or uny damage, looa, or expenn 

to liitn or thpm, ar embezzln, waMe, or Bpoil any of his or tjioir machi- ' 

nery, goods, or proparty, then and in aui^h case the said . 

Bhall, and ho hereby eipresely agreeB to pay to the said . 

eiouutors or ndroinialiators, or fis or their partner or partners, bb uid 1 

for liqnidatod damageB, and not by way of penalty, the sum of 

and Qiereupon the eaid , executarx or adroinietraton, 01 

the said partner or partners, may at any time tliereafter, if he or tbe^f 1 
BD think lit, but it shall not be compulsory upon him, or them, or Oiea I 
chief manager for the time being, at any time within eeveii days &om I 
Bueh damage, loss, or exponeo, to put an end to this agreement, and I 

forthwith discharge the said from each service as afore- I 

said, or that in (nse be or they shall not so put an end to this agree- J 

meat and discharge the said , it shall he lawful for, but M 

not cumpulsory upon Tiitn or tliem, at any time within two calondsz | 
monthe &om the date of suuh damage, loHS, or eicpeuse, to j 

Baid one mooth's notice in writing of their ii 

put an eud to this agreemeut, and every part thereof, and ii . . 

this agrf!«ment wHj*!!, Irom the expiration of such notice, o6aae and hQ I 
void, exeejit so Ikr as the recovering &oni the said ............ tho J 

said dama^'es as aforesaid. It being nevertheless expressly de61aTed"1 

that should the said , his exocutom or adimnistratois, hh >l 

or their partner or partners, not put an end to this agreement as aliiie- i 

Baid, that he, the siiid , shall pay such damages as afoie- 

said, and that it shall bo lawful for the said , his executors 

or aitminisCnitara, his or their partner or partncra, to deduct, &om ttms 
to time, all and every damage auoteined by him or Ihom at any and 



due and payable, i 
on any account w 

Ah witness the hands of the said partiet 
beibre mentiuned. 



tho said . , 



FACTOEY WOEKPEOPLE. 

Tht Honitt required for worMng in factories not licing used to tbfl 
*" tory Bystom of workiiip BMaSly a given number of houra, and 
ng more lLC<^tlst(^ned to dnmnstic laboor, tha change at first is not 
' legflHed with Batisfefitioii l)y thorn ; conseqUHntly tSo pmdurtiun for 
a iiort time mil be lew than otherwise wonld be the case. In England, 
at the coimnencement of the factory Bystem, the regnlar discipline 
WW not lited ; bo it will be in India and other oountrieB where new 
industrial enterprises are to be condurtrf on the fefitory Hjiiteni. 

Stgvlarity of Aitendaste of the hands employed is one of the most 

Important points for worldng with economy. A factory will roqiiiie a 

f eeriain number of hands to attend to the machinery ; Rnd the cost of 

^lel, BQperintendence, taxes, and other expenses will be the same, even 

f some are absent ; but the production then will be Icaa. In Bombay, 

nrhere in nine mills out of ton threat mismitnafrcinent prevailfi, there 

t much ilTegnlarity of attendance of the hands, and on some days 

e-fonrth of the machinery is not working from that cause ; the 

a some cases being also in flireal. 

int by giTing reasonable wages, by introducing the gy8t«ro of wages 

aooording to the amount of work done, so i^ as it may be practicable, 

instead of paying a fixed sum by the month, by paying the wages 

rcgolariy on a fixed day, by treating the hands with kindness, hy 

bnilding cottages or huts for them to reside in near the factory, and 

by taking other measures for their welfare, the irregularity of atten- 

I dance, which is a drawback on the economy of production, vUl dis- 

I appear to a great extent. In England the Iiands are paid regularly 

~rery Saturday. Even in England in moat manufacturing towns there 

re a leea nnmbor of handa present in the factories on Mondays than 

any othor wouk days, as the men indulge too much in holiday-making 

on that day. 

Prises given to the workpeople every sis months or every year, in 
the shape of cloth, sareo, or other wearing apparel, for re^arity of 
attendance, and for prodncing tho largest quantity in a given number 
of boors, and for good behaviour, wUl be a welcome reward itself, and 
will stimulate Ihoir energies, 

Schaol.- — Every fBctory where boys and girls are employed ought to 
have a acboolrooin attached ; and half an hour, mornings and evenings, 

tlhould be devoted to giving lessons to the children in reading, writing, 
and simple simis. It will be found that after receiving this elcmentan' 
JuStjn.ntt.,., — 1 :" :' -■- ".- J^--- •■' -ill i.. n,j .- 
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avoid (onfuaion on the [my Aay ; ani they will attend to their wotlc 
mucli better. It nill impFote their ctiaracter mid intelligence ; b; it 
influence their whole spirit will he moulded, if properly directedt and 
they will enjoy the blesaingB of reading and writing as long oa they 
live. In England, by the Faotory Act pasaed by Parlinmeiit, erEry 
hoy nnd girl employiwl is compelled to attend whool half the dtty. 
There nro other pinviBions enforced by law for the health, comtbrt, 
and safety of the bandfl employed in the feotoriea. A room ^ao should 
be net njnrt for taking meals, if cottages are not built Dear the fectory. 
Hot baths should also be provided by laying a pipe from the waste hot 
water of the engine. 

Red. — Where oottagea are built near the factory, as Uiey onolit 
to be, it will he hotter to estAblish a provision shop for selliii^ tics, 
cloth, and other necesBuies nt wholee&ln pricos to the workpeopla. 
The proprietor will lose nothing by it, and for the slight trunble he 
will gain Oie affections and regard of the workpeople, which will 
be of some value at least. By adopting these hints, the cuat to the TniTI 
proprieton will be very little or next to nothing, hut it will be a good 
proof to the workpeople Qiat their mastete do c&re for (hem- They 
win work cheerfully ; the production in the milj will be increased 
thereby, which will be a source of direct proGt to the ptopiietoiB ; and 
the men also will earn higher wages if they are paid according to the 
amoiuit of work turned on. Thus Oie empluyers and the employed wiU 
be alike gsiners. 

In Qreat Britain, in other parts of Europe, and tn America, many 
plans have been act in operation for the benefit of the bctory work- 
people, which India and the East will do well to adapt to the habits 
and feelings of the workpeople, actxirdii^ to oircuniBtances. One of 
the moat complete eBtahlishiuents of this kind is in Yorkshire, at 
Saltaire, reared wholly by Mr. Titus Salt, the proprietor nf moat 
extenaivB apinmuK and weaving mills. Nearly SOO cottages have hean 
built by him solely for his workpeople, and rented to them on very 
easy terms. A school has been also huilt, to give education to more 
than 600 children on the half-tame system of the maQufactimng 
districts of England. Thst is, Imlf the number being engaged by turns 
in school, and the other half in the mill. The baths and wash-hoossB, 
with washing and wringing-machinpa, are complete. There is a 
medical man to took after the health of the people when they are dcfc, 
and there ia not a single Ui^uor shop in the whole place. 

Another great miU proprietor, Mr. Akroyd, has built a village caHed 
Akroyden, with 112 cottages for the people employed in his spinning 
and weaving mills. He has also provided a number uf aUotmeiit 
gardens, recreation grounds fix SiWinging and for gymnastic exercises, 
and also a fenny savings-bank. But such schemes are not merely 
conlined to spinning and weaving miUs. Messrs. Cowan, papermaken 
in Scotland, m connection with their works, have attabtudied. schools, 
ittsgea, gardens, and even flower-shows, and a lodging-house for 
□married femal(« ; and they have taken pains also to encourage l^e 
(ictory people to make provision for old age. 

At Prices (handle Cempany's Works, London, established for 
manuiacturing candlw, soap, &c., &om palm oil, — one of the 
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directors of that Company, Mr. Wilson, with the greatest zeal (and at 
first at his own expense), organised schools, cricket clubs, tea-parties, 
and even excursions during ti^e holidays, for the improvement of the 
workpeople. At a meeting of the proprietors of that company, out of 
seventy present, it was agreed, with but one dissentient voice, to allow 
£900 a year for carrying on the educational operations, which had the 
desired effect on the workpeople to promote by their efforts the interests 
of the company. If some of the Bombay nulls in the height of their 
prosperity, mstead of voting, with ^eat stupidity, large sums of money 
for marble statues, by the. best artists of London, of directors, unen- 
lightened, who did nothing whatever for the improvement of the 
factory or the workpeople, and who had made fortunes in shares of the 
company they had organised — if that amount, spent on marble busts, 
had been spent in building schools for the factory hands, the effect 
would have been very b^eficial both to the workpeople and the 
proprietors. 



AGRICULTURAL MACHINERY. 




A practical farmer and a man of science stated, in 
one of the lectures on the Results of the Great Exhibi- 
tion, that he fully endorsed the opinion given by the 
Exhibition juries, that the application of machinerr to 
the main branches of farming labour, taken together, ] 
haa effected a saving on outgoings or an increase on in- 
comings of not less than mie half; and that new agri- 
cultural machines have, with reference to the amount 
of saving produced bv them, the merit of cheapness. 
These opinions come from a high authority, of unques- 
tionable impartiality, and are the result of deliberate 
calculations based on actual practice, and are recorded 
ia official documents. Let a claim he made then for 
these useful inTcntions for India and the East ; ea the 
landlord, the ryot, and the Government, have all an 
interest in tbe subject. 

The condition of agriculture in India, where tbe 
Government derives half its revenue from land, is de- 
plorable. Professor Wilson, member of tbe council of 
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' the Royal AgricultuTQl Society, and Professor of Agri- 
culture at the University or Edinburgh, and also a 
practical i'annor, has remarked that the implement used 
for tilling the soil by the subjects of Queen Victoria in 
India at the present day is almost identical with that 
uaed for the same purpose by the Assyrians some three 
thousand years ago, as appears from drawings of ploughs 
taken from the tombs of Nineveh. 

It has been stated that at the model Booldana farm, ' 
in Western India, the first step for improving the 
Indian plough has been taken, by substituting iron for 
wood at the joints, which cannot get loose, nor are so 
apt to break. But what is this improvement ? — not even 
a drop in the ocean, compared with the gigantic strides 
made in America and England to facilitate the labours 
of the farm. Up to 1848 the number of patented in- 
ventions in the United States, solely belonging to the 
class of agriculture, was 2,043 ; and in the single year 
1861, the number of applications was no less than 350, 
while in 1863 it was 502. There the profits resulting 
from the sale of agricultural implements are stated by 
a competent authority as enormous. One inventor sold 
the patent for a machine for threshing and cleaning grain 
for 60,000 dollars. Mr. James Howard, an EngHsh 
agricultural machinist, whose works are the largest in 
the United Kingdom for the special manufacture of field 
implements, after making a tour in America in 1866, in 
a lecture delivered before the London Fanners' Club, 
stated that the trade in America in agricultural im- 
plements had reached gigantic proportions, and that 
every year 100,000 reaping machines for cutting the 
harvest arc made in the States. In England, where 
labour is cheaper than in America, according to the 
evidence of a practical English farmer and a man of 
science, by the use of the reaping machine, with two 
horses, corn is cut (fifteen acres in ten hours) at one 
third the cost, and in one twentieth the time required 
by the slow hand sickle ; it is prepared for the market 



323 AORICrLTUKAL HACHINERT. 

by tlie use of the threshing machine, and the different 
qualities of the grain also separated by the machine at a 
ooat of 7d. per quarter, against 3s. bd. by the old process. 

The progress in Great Britain in the mauuJacture 
and use of improved agricultural machinery ie very 
rapid. Ilalf a dozen firms made 327 threshing machines 
in the year 1852, but 1,084 in 1861, single housea 
turning out nearly 400 each per jinniiin , The same 
number of makers sent out 270 steam-engines in the year 
1852, but 898 in 1861. At the present time the estimated 
number of agricultural steam-engines at work in Great 
Britain is ahout 12,000 ; they are being supplied at the 
rate of about 10,000 horse-power per annum ; and the 
average power of the farmer's engine is now 50 per 
cent, higher than it was ten years ago ; this latter cir- 
cumstance being duo to the increased size and capabili- 
ties of the threshing machines, and also to the spread 
of steam tilling implements throughout the country. 
Four manufacturers sold only 33 reaping machines m 
1852, but 1,715 in they ear 1861. Of these machines, 
BO recently introduced, one factory has now turned out 
more than 5,000; and, including hay-mowers, four 
other houses have supplied altogether more than 
20,000 in Great Britain, and half that number to other 
countries. One firm makes 4,000 root-cutters and 
pulpers every year ; another firm makes 1,500 horse- 
rakes, 4,000 sets of harrows, and 7,000 ploughs per 
annum. 

Even a machine for plucking cotton has been in- 
vented lately in America, which is expected to do the 
work of twenty men. The value of agricultural imple- 
ments and machinery in use on farms in the United 
Stat-ea in 18C0, amounted, according to the official 
returns, to £50,000.000. 

Now contrast this with India, with its area of 
1,605,688 square miles, and a population of about 200 
millions, where not one person is engaged in manu- 
facturing a single improved agricultural imjdementj 
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while in England one single fii'm turns out 7,000 
ploughs per annum. There ia not in India, throughout 
the wliole length and breadth of the Iitnd, a single 
society, such as the Royal Agricultural Society of 
England, for the promotion of agriculture, nor an 
■ annual exhibition of improved implemeutu, nor an 
;annual show of cattle ; nor is there a class formed in 
any school or college, for teaching agriculture on scien- 
tific principles, as in England. 

In England and other parts of Europe, agricultural 
improvement has arisen, not only in making use of 
improved machines, but also in the manui'aj^ture and use 
of artificial manures. At one time, common farm-yard 
manure was considered as the only eiheient fertiliser. 
But the astonishing effect of adding bone-dust to grass 
lands, of guano and variouB substances to other crops, 
.even in very small quantities, has caused a complete 
revolution in agriculture. The demand for bones is so 
large that they are imported into England from abroad; 
and India also sends the bones of its dead animals from 
a distance of ten thousand miles to fertilise the soil of 
England, ia ignorance of its use. In England, at first, 
pieces of bone of half an inch were used, then quarter 
mch, then fine bone-dust. The last improvement con- 
sisted in dissolving the bone in common cheap sulphuric 
acid (which is extensively manufactured in some parts 
of India) ; this was found to surpass greatly in efficiency 
the finest bone-dust ; but English fanners found it in- 
convenient to prepare disaolved bones, so establishmenta 
were erected for that purpose, and the progress of this 
branch of industry has been so rapid that there are 
now in England and in other parts of Europe large facto- 
ries solely devoted to manufacturing artificial manures, 
principally from bones, but also from certain mineral 
productions, refuse charcoal from sugar refineries, refuse 
salts from chemical woi'ks, woollen waste, &c. It has 
been found that many of these substances in their 
natural state, even after being pounded, have little or 
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no effect on the crops, but tliat in order to restore the 
exhausted land, they require special chemical treatment. 

The manufacture of artificial manures, in compsriaon 
with other branches of industry, is very simple, and 
does not require cjcpensive machinery beyond the ordi- 
nary crushing and mixing; apparatus, which are best 
set in motion by small a team- engines, or even by water 
power. 

Centuries have rolled over India, yet the atate of 
agriculture is the same. Let this be changed, as it hae 
been in other civilised countries. Let the laws of nature 
be taught in Indian schools ; then the Indians will seek 
for scientific principles, and not he content with the 
observance of mere routine. I-et science lend her aid 
in Asia in relieving the necessities and in advancing the 
comforta of its inhabitants. By such change, upon no 
class will greater benefits be conferred than upon the 
agricultural; the landJord and the Goverament will 
also share in it, as half the revenue is derived from land; 
and the manufacturer in India and England will rejoice, 
as what benefits one must benefit the other. The deeper 
tlie plough will go in the soil in Asia, the faster the 
shuttle will fly in the weaving looms. 
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PRICE LISTS OF STEAM AGRICULTURAL MACHINERY, 

Adapted fob Lettixg on Hibe, or for Use bt Large 

Landed Proprietors. 

£ 
Steam cultivator, with ploughing apparatus, windlass, steel 
ropes, with portahle steam-engine, mounted on wheels, 
complete, with harrows combined, for working on the single 

engine system, from £600 to 800 

For working on the double engine system, from £800 to . 1,500 

The above cultivator eflFectually cuts up land at one operation, and 
also prepares the ground already turned up, effecting two operations at 
one time if required. Without the removal of the engine or wind- 
lass, as much as 40 acres can be cultivated, or 7 to 10 acres in a day, on 
the single engine system, and the engine can be used for threshing or 
other purposes. 

£ 
Steam threshing machine, fitted to prepare the grain for market, 

mounted on wheels complete, driven by straps, from £ 1 50 to 600 

The operations of this machine are threshing, winnowing, straw 
shaking, and delivering cleaned com into bags at the end of the ma- 
chine. They are suitable for places where grain has hitherto been trodden 
out by the feet of oxen, and will thresh from 24 to 68 bushels of com. 
Some machines are fitted with a straw chopper, which reduces it into 
small pieces. 

£ 
Steam centrifugal pumps, to raise water for irrigation, 10 to 20 
feet high, from 500 to 4,000 gallons of water per hour, 

from £75 to 280 

Disintegrator for pulverising boiled bone, bone ash, guano, and 

other materials for manures, with casing complete . . 80 

(Extracts from the Report on Steam Cultivation.) 

" We have seen one instance where good results were obtained on 138 
acres, but the circumstances are too exceptional. We think 250 acres 
of strong Eirable land is the minimum quantity on which it would be 
wise to introduce steam culture, the engine stiU earning most of its 
monev at other work ; in such a case we decidedly recommend the 
roundabout plan, with a cultivator and plough. . . . On lighter 
land a larger breadth would be desirable, say from 350 to 400 acres, 
and as the acreage is increased beyond these limits, the profit of the 
investment would be increased. . . . Farms require more or less 
preparation for steam ; fences should be taken up, and in some cases 
roads made. . . . Trees left in the arable fields present a serious 
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le — jMitj of instBQoes we fbond Qie ■pn- 
% an. hBTiDe onoe experipiicdd the advui- 
', ^«31ing to go back tn the old 
, ttmmtf en ibmg' land is the offwt of 
Mna enllintioa oa ill liiMi,'! aai prodnrv. ... In maiiT eaxat 
Ae manaK haa not be^ ■tfidmtlr niBtied to be Tiaibtc to the ejr^ 
wUtit in otbcn fraa 4 to 8 liwfcili 'per acre is tbe estiamted iniTeew 
«if ozn<np^■Ildsa(tlanaoll vobU add nulenaDj: to the profits oa 
tUam.~—FaMa Oie Jtmnml >/ d* Afrin^imrai Sorits if Englmnd, 3xiXj, 



AGEICTLTTRAL MACHUJEKT FOR ANIMAL POWER. 

£ 
Ttm plonefa, with all recent improvonente, mad^ Suitable for 

India "and the Ead. btm £« to 15 

Thcae pknuju aie mana&ctnrBd viQi ali^fat modificatioo in detaib 
tijr bcHiT or ugfat aofl, iot work in g at Tariom depths ; or the vBrkms 
proct«ee of mdinaiy ploogluag, uiing, lidging^, and sabsoiling, can 
be peifiiTmed In one implement. The aieia^ we^ht of these phni^ia 
is from 2 to 3^ cwt. 

< 
Potalo niain^ plongh, adapted fcr placea whare lac^ cn^ of 

potatoee Bie taisal. From 3 to 4 aoee can be laiaed in a 

day wiQi two hoieca. Fnnn £6 to 8 

Swuf iron plongli, for fdiAlloir jjongbing, worked br a 

j boUock. From £3 to ' . fi 

Kon hainiw, two to {bur beAm& five or si rows of tectli, for 

general seed hairowi; weight &oin 1 to S} cwt. I^^om 

£6to ... a 

!DoabIe-iietiaD hay-nuMBg machine, weight &om7ito 13cwta. 

- Prom £U to 20 

Threshing mscMne, complete, for bemg worked bf bullocks, 

from £SB to . . 100 

Gran cutting and rea^nng machines, willi aQ improTemeDtB, 

bam £20 to 30 

Pmnp* for irrigation, to lie worked hj bollocks, and to raise 

4,000 gallona per honz . 160 
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THE TEXTILE MANUFACTURES OF INDIA. 

(Extracts from Dr. Forbes Watson's work, as originally printed 

for the India Office, 1867.) 

Specimens of all the important textile manufactures of India hav6 
"been collected in eighteen large volumes, forming one set containing 

700 specimens This work, therefore, may be regarded as an 

analysis of the contents of the eighteen volumes, and a classification of 
them according to function, quality, material, and decoration. 

Mttslins. — A large proportion of these, and certainly the most famous 
of them, are manufactured at Dacca. Other places in India produce 
fabrics of extreme delicacy and beauty, though the Dacca weaver has 
unquestionably the first place, having never as yet been beaten, either 
• in India or out of it. No one will examine them and marvel that they 
should have received such poetic names as the "Evening Dew," and 
*'The Running Water," and the "Woven Air." The weight of a 
piece one yard wide and four yards long, was found to be 566 grains, 
and the weight of another piece of the same width, but ten yards and 
twelve inches long, was found to be 1,665 grains. 

Jamdanee, or loom-figured muslins, from the exquisite delicacy of 
manipulation which many of them display, may be considered the 
chef'd^osuvre of the Indian weaver. From their complicated designs, 
they have always constituted the most expensive productions of the 
Dacca loom. 

Calicoes. — The common unbleached fabrics, under names varjmig 
in different localities, constitute a large proportion of the clothing 
of the poor. They are also used for packing goods, and as a covering 
for the dead, for which last purpose a large quantity is employed by 
Hindoos and Mohammedans. 

Canvas, Cotton. — The strength, lightness, and other good qualities of 
the cotton sailcloth manufactured in India, recommend it to more at- 
tention than it has received in this country. The quantity of cotton 
annually consumed in India in the manufacture of sail and tent cloth is 
very large. 

Checks and tartan patterns, m£ide with cotton woven with coloured 
thread, are admirable imitations of well-known patterns in this coun- 
try. They are chiefly used for skirts, petticoats, &c. Some of the 
shepherd tartans are also used for making up into trousers. 



Dyed and piintfd fabrki are pToduced in many parts of India, OCJ 
perhaps moru properly Bpealdng, here and there over the count: 
HumlipBlam, Amee, uid Sydaput, in the Madras Freddency, i 
flUDOuB for thEir kheeta, or chintia. Those of MuHuIipatsm are fino' 
under the nmne of ealmn-kiHiree (which liter^y means "fitm oo1out"}| 
And exhibit great variety in style and qnality. 

CBtlon, Muceilatiumt.^-'S ot a. few of Uiein, sueh hh the table napkin^' ■ 
d'oyleyg, and poclcet-handiercliiefs, are nianiifarturpd losii'' "^ 
wuite, and these illustrate the imitative power of the m 
&ctnTer. 

SOi and Cbtlen pitet mod* form an extensive article of manu&ctnre in 
many parts of India, chieSy for home conaninption, hut partly also fin 
export. An important class of fihroe, commonlv known under ths 
name of Mushroo, ia a satin with a cotkin hafk. It is a fevanrils 
matuiinl, and is used in a variety of ways by the well-to-do classas. 
All MnshrooB wash wfQl» especially Iho finer Idnds. F.ng- liB T? or J 
French satins are more hoantiful both in oolour and texture ; hut it &iS 
needless tc say they will not wash. I 

Wild Silks — in contradistinction to the foregoing, or coltiTBted^ 
variety — are the Tuesar, Eria, and Moonga, and fehrios made of some 
of them — and particularly the Moonga — have ^hably been bnowri in 
the East £rom time immemorial. Although Tussar is the variety ef 
wild ailks beat made in Ihis country, the Moonga, from its Buperiorily 
in point of ^losa and other qualities, is that most commonly empltirei, 
especially for the mftualkcturo of mised fabrics, and for some lar"' " 
of embroidery. The silk Moonga is imported into Dacca from Srfl 
and Assam. The cloths of this class are of considcmhle variety, D 
as regards texture and pattern. Some consist chiefly of cotton, w 
only a silk border, or a silk Bower or figore in each comer; oQi. 
re striped, dioquered, or figurcid with ailk fhronghont the body of Q 
^1 ^ !_.,. J '-- ively for the markets of Anibii 



doth. These cloths are nmdd 



lonally shipped to Rangoon, Peoang, and places t* 
eastward, but the far greater portion of them is exported to J 
whence they are sent to the interior of the country. A consideralill 
quantity of them is sold at (be annual fair hold at Meena, in t' 
viciuiy of Mecca. TTiey are made int« turbans, gowns, v ' ' 
the Arabs. 

Siacob, — Of the varieties and patterns produced in India by tl . 
combinations in the loom of silk, gold, and silver, only a iaint idea aBfa 
be olitaiued from the epecimcms. The Europosn manu&ctoTer wbaf 
may have attempted the introduction of metal into his &brics, will aQ fl 
the moro readily comprehend and admire the resulta obtained hy tha' 
Indian weaver. 

Qeld and Silref Tiisuea. — In these b'sanes the flattened wire, instead 
of heing twisted roond silk thread, is itself nsed ; the warp, or Hi^' 
weft, as the case may be, being of very fine silk thread, so as to intep- 
fete aa little a» possible, with the continuity of the surface preHented b^ 
the metal. It is thus that the ciotht of gold andaiker, of which we hesz 
in Eastern countries, are made. 

Band, or Needle Embroidery, ia a kind of work in which tht 

«how an admirabla skill. Every kind of fabric, from the ooBieast 
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miislin.to the richest cashmere cloth, is thus decorated; and though 
Dacca and Delhi are the places best known for their embroidery, there 
are numerous other places in India in which the workers are equally 
skilful. Chikan work includes a great variety of figured or flowered 
work on muslin, for gowns, scarfs, &c. It also comprises a variety of 
network, which is formed by breaiking down the texture of the cloth 
with the needle, and converting it into open meshes. 

Cashmere Shawls. — This is now by far the most important manufac- 
ture in Punjaub, but thirty years ago it was ahnost entirely confined to 
Cashmere. The best shawls in the Punjaub are manufactured in Um- 
ritsur, but none of the shawls made iu the Punjaub can compete with 
the best shawls made in Cashmere itself. A woven shawl made at Cash- 
mere, of the best materials, and weighing seven pounds, will cost in 
Cashmere as much as £300. Of this amount, the cost of the material, 
including thread, is £30, the wages of labour £100, miscellaneous ex- 
penses £60, duty £70 Pushum, or shawl wool, is a downy sub- 
stance, found next the skin, and below the thick hair, of the Thibetan 
goat. 

CameVs Hair Cloth, called puttoo, is usually considered to be manu- 
factured from the inferior qualities of shawl-wool. The puttoo is 
generally employed by the natives for making up into long coats, 
called chogasy ornamented in a variety of ways, generally by means of 
silk braiding. 

Kerseymere-like Cloths, unlike the puttoo, are of a rather hard de- 
scription, like our kerseymere cloths. 

Woollens, striped, are made up for wear in Sikkim, as well as in 
Nepal and Thibet. Cumblee is worn in the cold weather for the pro- 
tection of the head and shoulders. Felts are used for blankets and 
cloaks, and for making inte leggings. These felts are commonly used 
as carpets, cushions, bedding, horse clothing, &c. 

Carpets and Rugs are of five kinds, and the manufacture is of very 
considerable extent. The first is made entirely of cotten, and is of a 
close, stiff" texture, and smooth surface. The ordinary name of these is 
Suttringee, and they may be said to be made here and there over the 
whole country, their use being almost universal. They are extremely 
durable. In tiie second kind the warp, like the last, is of cotton, but 
the woof is of wool. The loom employed in weaving both these is 
horizontal, without either treadles or reed, and the warp is stretched 
out the whole length and breadth of the piece intended to be wrought. 
The woof is not thrown across with a shuttle, but is passed through 
by several workmen, who bring the threads together with wooden 
combs in place of a reed. The narrowest piece requires two men, and 
eight or ten men are employed when the breadth is great. The third 
kind is made of cotten, but instead of presenting the plain surface of 
the two last, a short, thick-set pile of cotten is worked inte it. In 
the fourth group the pile is of wooL 
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MINERAL RESOTJROES OF INDIA. 

{ExtractB from a Papor " On the R<?Bulta of the Great Exhibition, 1 862," 
in the Praetkal Mcchania' Journal, Ly M. C. Cooke, Eaq,, F.S.S., 
India Dppiixtmciit, London.) 
We ara onlv now heginning to undnrstand in what the mineral 

wealth of In{Ua really conKifltfl, and it is grntitying to lairn thnt the 

eosl and iron nsoiirtes have eo increased in development aa to occupy 

very prominent poaitiona in this coUeotion. 
iron.— The most important part of metalliieronB depoata ia tie irnn 

series. Of these ores a good collection is shown from varioua localities. 

The red ochrey ironstone of Cutta^k is represented by spedinenB from 

Dlienkenal and Talchcro. An abundaniwi of this ir — ' — '" ' — ^ "~ 



thionghout the hilly c^ountry bordering the settled districts on tlie 
north-wcat. All the iron employed in this division is obtuincd from 
thesi? local H0iu>7es^ In Snmbiilpore the omde iron is sold for about 
thrco farthings per pound. In Bmeltina: the ore no llui is used. The 
broken ironstone is mixed wili charcual, and put into a elay furnace of 
about four feet in height. The firo ia mjiintamed by an artificial blast, 
introduced through a fire-clay pipe, whith is luted with clay after the 
insertion of the nozzle of the hcllowa. The slag is raked out through 
an aperture m^de in tlie groundj which runs up iut^ the centre of the 
fnmace base. The diHTCoal employed ia that of the Saul tree, which ia 
abundant. AlOiough limestone in calcareous nodnles ia plentiful on 
the spot, it is nowhere used ia smelting, A epecimen of the Ungool 
ore taken from the ground, where it had lain esposed to sun and tain, 
pave 66 per cent of teroxide of iron, equal to 46 per cent, of metallic 
nan. A sample from Pal-Saliara gave 6(IJ per cent, of pmtoxido, 
equivalent to 47 per cent, of metal. Iron ore, of which a epecimen is 
€nthibited, ia found in the vicinity of Moonghjr, in the Korruckpore 
hiUs, and is smelts by the natives for lucul use. 

The whole chain and nrars ct the Yhyiidliya cango, in tlie Shahabad 
disbrict, is full of mineral al«res. Abundant quarrioB of peroxide and 
protoxide of iron are opened in the acceaaiblo portions of tho Kymoro 
range, which ia a spur ot the Vhyndhya. M<»t of the orts are nch in 
metaJ, some of them yielding from 70 to 7S par cent, of pig iron. 
Some of the beat iron in India is produced at Fafamow and t^mgrowli. 
The Suigrowli iron, especially, bears a high character in tha market, it 
being tough, flexible, and easUy worked. The greater portion of tho 
Kymore orea are found on what ia termed, the old red aandatone. siiper- 
lymg foaailiferous limeatona of indefinite thickness. Although there is 
an abundance of mineral coal in South Mirsapore, in Folamow, and 



332 APPESDnc. 

Hingrowli, thp notivB nneltBrH only employ wood rliareoal, and ( 
whole piflcOBB IB ponduetpd in the simplBrt manner. 

The East Indian Iron Compmiy exhibits a very interesliii^ a 
of iron oreK, aocompanied by articles of manu&cturK. The orea 
thotH) worked by the company, and coueiHt of ramplos trma SalBSttM 
Bouth Arcot, and Beypore ; tlie stone of wMoh the shell of the hhivig 
funuieua are built ; uie aholls employed as a Hux ; sumplea of w 
uaed for mBldog the ehareoal employed in smelting : niitjve goat al 
bollowa; uharcoBl trig iron, bar iron, cuat iron, and Bef — " 
made at Buyjidro, direct frMB the furnace, with apocimcn 
WBiin by native amitha from the aljove-named Besaemer steel, ti 
cutlery made from the Hamo steel at Sheffield. This w 
for convenience and eompaliaon in one case, and is as important Ol 
ia complete and iDtereeting. 

The iron ore of the Salem district is n rich nmgnetic oxide, vhil 
ifi vnry heavy and mitaaive. The yield averages 60 per cent, of uetaL 
A portion of this ore ia a pure blaclc magnelic oxide, which wonll 
yield aa much as 78 p«r cent, of iron. Tne ore ie sometimes modi 
mixed with quarto, which is a very refractory material i: 
fumaro. The chrome ores of Salem are rich, bnt have hitherto h 
tnmod to little account. 

ITio Knmaon Iron Company fumisli aamplea of their metal, but RJ 
information aa to the kind nr moutcb of the orea employed. 

Spei/imena are also sent by his Highneaa the hlabanijah of Gwafi 
ol' the dMoo or iron eivrth fonnd in the Gwalior district. Iron ^ 
obtained Irom this ore at the cost of twelve annas for twenty a 
woight, or nightuc'npunce per 40 Hid. Ores arc alao shown from T 
draJihera and Agiiroea. At Tendookhera the ore actually worked M 
a Inigo vein in the limestone of the groat Bchist formation of tiM 
Indian Survey. It occurs to the north of the Nerbudda, in the op«L 
flat country Iwtween the river and the Vhyndhya hilU. Onlv one mine 
is worlied at present, but a aimilor ore baa been found at ouer place* 
in the neighbourhood. The ore resembles that of the forest of Dean, 
and contains about 40 per cent, of iron. It ia calcareona and very 
fusible, and is largely inneltfid by the natives at Tendookhera, wheie 
about sixty furnaces ore generally at work. The ore ia obtained by 
nioana of pits sunk from 30 to 40 feet through the alluviom of the 
valley. From the iron of these mines the suapenBion bridge of Sang 
ynm built several years ago. The Agurea ore la obtained In thin " 
of a grey coloiu' and metallic lustre. The mines are situated on 
COnauting of iron ore found ut eighteen inches from the anrface, es=fl 
tending over an area of flO,Ol)0 square yards, with an average depUi of ^ 
thirty feet. I 

J^trefcHm.— pBtroloun ... ._..,. 

is unlimited, the price ia high, oa the monopoly ia 
king. A airoilar product is forwarded from AsBam, but without more 
definite informaldon of the preciae locahty. A kind called Cbeduba 

C oleum is sent fri^m Akyah, where it is used by the natives fo».j 
ung in lamps, and varnishing the bottoms of boats. 
Flumbago. — That hitheito obtained from Indian localitioB haa ac 
been of a quality sufliciently fine for pencils, hut would bi 



Sanger 



la Dy tne natives xer^ 

L localitioB haa acaros^H 
would be available fl^l 
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CTUcililea : iiw demand fur it fur sudi purposes being on tht 

will not bo i]iiiiit4!reGldiig to loai'n that BpQoimGnH have beon 

mine diacavorcd last ytsr at Goorgoon. It is fuund ii 

variable aizea, and in gonerul quito dotuf^bed. In somti ta 

all round ih full of plumbago, miied with smrtll micoccoi 

rroviaions are being roado for a further and mora minute 

of tkis dfijosit. This mineral is alao contribnted from Viiaigapatuni 

and Mnl.itca. 

Sulji/iur.- Sulphur is also forwarded iVom two or three localities, 
amungst which may bo named th; Hala mountains, west of Gundava, 
and Ihu minus nciLr Shonm in Beloochistan. 

Amber.— Thae are some monnfactuted articles of amber of excellent 
quality, but tho crnde material sent ia unworth}' of noticu. 

Hocii or Building Sfons*.— Porptjritic and felspatbic granitea iiro 
ahowQ from 8hahahad, and limosUmes tivm Juhbulpore, ChottiNagytore, 
Oheyaeporet and the Hohtaa range. A "mull specimen of an excoUent 
alabaster is exhibiled from Jacobahad, and a quantity of rock fonna- 
tiona without locality or information of any kind, the papers octom- 
panying them having apparently heen rois-Bent. 

Amongst the slate series are some houe-Btones Irom ChittledriioK and 
North Ai-cot, aud what is known locally as Meottgee atone, u lii<:h ucfnia 
to ho a kind of chlorite slate or Fotstoue. This atouo, whon riuiin itd, 
is soft and euaily worked, but soon beicomea hard. bliu;k, unil bright. 
It IB locally enniloyeil for the manuiacturo of DtensilB, idols, and carved 
figures generally. It is extcnaiyely quarried at ArisBO. 

Corimdam and Einery. — Those exeeeoicgly usefii] minerals, corundmn 
and emery, especially the former variety, occur in at least thii'ty 
diiferent lucalitieB in the Presidency of Madras. Excellent qualities 
may he procured &om Salem, Guntaor, Nuggur, and Coimbntore. 
Boui kinds are frequently found aasooiated together, aa at Salem, 
NupguT, and Nelloro. 

Olaj/i. — PAtt«ry clays are abundant in Bangalore, and although 
samples of the clay have not buen sent, there are a few tvpical speci- 
mens of the pottery produced &oni them. A pure porceliin> clay, con- 
Tertible into a good white ware, is found in great quantities in liaiij-alore, 
and may he had for the trouble of picking it up. A buff daj' of goi>d 
qoality, and a hrown potters' clay, abound. These, eombuied with 
felspar grit, are now nianufactuied into drain pipes, &e., by tho pri- 
Noners at Bar galore Industrial Convict School^ which establishment 
has been in existence only about six months; and one of its iduef 
objoeta seems to have hean the utilisation of the vast quantilieH of 
clays which, though so abundant, luui never before boon turned to 
account. 

Excellent clays abound, of which the following are amongst the 
beet :— White ^astic day, resembling the ball cky of the English 
potter, may be procured at Chingleput, Palavenun, Conjeveram, Cutta- 
paukuin, Cuddidore, Cuddupah, Coringa, and the Neilgherries. Tough 
yellow clay ia plentiful un the lied Hilla, Poonaraalee, Chingleput, and 
Cochin. Greyiah-wMte clay at Bangalore, Tilavcram, Sireepermatooi^ 
and the Neilgherriea. Bed clays at Bumiah and the Guntoor distiicla. 
True fire days at Chingleput, Cuddapab, and Tdpasore. Clunuh at 
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Miulra«, PaonamBlI<>e, &c. Examples of tlieg 
ties BIB exhibited by Dr. Alexander Hunter of Miuliaa. and olhen. 
^wcimens of black and white clay are ehown from South Arcot and 
the NiEBin'B tumtariea. These are employed locally for the manu&c- 
ture of pottery. Fiio clays, brick clays, and clays for hydiaulic 
oeraentB are forwarded from Singapore. i 

Kaolin may be obtained readily at Arcot. Hyderabad, Bimlanalain. -J 
Coddapah. Bangalore, Chitloor. Maduia, Cochiii, &c. ; bnt thia aa 
is very little used in India, un uccouitt of the i^orance of the ni 
aa to the beat methods of eomtnning and Bring it. 

Pigmenit. — Of misceUaneouB contribatiDna not coming within tlie 
foregoia^ groups tiicre are polsontoloeical and other specimenB &0111 
the eurvuy under the directioii of Professor Oldham ; earths employed 
au pifcmeDta, such as chalk coloured by the proaence of oxide of iron ; 
jullcrB' earth, gypsum, sulphate of barytee, chalk, grit, chert, and 
sandstone, iucluJiiiR flexible sandstone &om Darjeelmg ; mica, talc, 
and materials employed for the production of lime ; asd lastly, the 
saline earths and chemical products obtained front saline efflorescence 

Saltpttre and Sulphati of Iran, tho former oblained &om a saiKnB 
efflorescoQce, and the latter from the mineral sulphate of 

ie. — Specimens are exhibited of a black shale found p 



RTS, MANUFACTURES, AND MACHINERY 
AT THE PARIS EXHIBITION OF 1867. 

(Eitraotfed from the Engineering and othfir English joumalB.) 



ly the age of macMaory, u compreheiiBive 
term which inclnde* avory form of productivo appumtus, A mu^hine 
i» to a tool what an organ is to a wMetlo, or a riigiinent to a priruti; 
Boldier — a harroony of fotcoB, a weli-arrangHd combination capable of 
prodaciog great reanlla. The peculiarity of the time is vastinsa, In 
tJiB Paris Exhibition you may aee the mightipBt preparationa miide for 
accompliahing the most onlinary and saemingly common-place resulta. 
The reflortionB with which one comes away from a walk among the 
mauhinuB in the uut^r ellipse aie that the CTme of lahour ia at length 
about to bo removed from long-soitering hiuoanity, and a new era, 
begun in our history when the sweating brow Bhall give place to the 
attentive brain, and brute matter only require ""m 's saperintoodence 
while it aubduBS itsell'. 

Cotton Qini. — Ah makers of spinning and weaving machinery, 
Messrs. Piatt and Co., of Oldham, have a reputation second to none. 
In aeporalong the cotton fibre from the eeed, they exhibit throe gins 
on Macarthy's principle, in whioh a roller of a few inches diameter, 
built up of fitirea of jute in the manner of a brush, but bo oompreased 
as more nearly to reeomble timber or pasteboard, is slowly rotated on 
the front of a hopper, into which tho uncleanod cotton is thrown, 
where it rests upon a wire grating sloped towardfl the roller, but not 
quite reaching thereto. In front of the mass of uncleaned cotton a long 
horizontal blade reoiprocatea against the horizontal juto roller, an 
opening being made in front of the roller to permit this action to taku 
place. The flbres of cotton are caught between the vibratory blade 
and the alowly rotating roller, and as the blade descends the fibres are 
pulled awaj- from the central seed, which, when denuded from the en- 



veloping fibre, ia small enongh to fall through the narrow opening 
formed by the grating not being brought quite up to the rollor anS 
blade, loe aeeda thus collect in the lower part of the hopper, from 



whence they are eaaily removable. 11^ gin is more auitabie for c 
ton of short or tender ataple than the saw gin of Whitney. In cotton 
ginning machinery, improvements have been so great, and the diffi- 
cijties in UiB way of a satisfactory performance of the work have been 
■0 well overcome, that, simply by being more carefully opened, dravni, 
and doubled, counts of yam are now being spun frum cotton, which a 
few yeara ago was not thought capable of bemg applied to the trade. 

Sewiag CbfCin.— Among the houses vrho have mstinguished Uiem- 
selves by adopting all improvementa, and creating a large trade, wo 
must name tiuit of J. and E. Waters and Co. Thofr trophy ia wholly 
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Droux, at Paris, boa dengned and pateattd an sppantos, which hH 
obtndy been introdoced in iBrenl lsrg« woi^ A fnD-aiae appanlBi 
of Uiui Idod ia also exluUted by H. Droux in Class SI of the fVendl 
neriion. Tbis apponitiiB ooiinBt* of a laig« rylindrical cojqier n^M^ 
! ft. in diameter, into which the bUy matters to be dfcompaaed an 
intruducol by metma of a fnmiel and coct. The copper cylinder il 
rapable of icditin^ saielj an intenud presanre of about 213 Iba. ~ 
•qUHre inch ; and it ia encloeed for the greater part of ils length ii 
oukir iron cylinder, capable of redstmg a suniLu' prGssuie to 
COjiper oflindcT. lie lower part of thia iron cylinder, which caul 
wster, is jilacod in u furnace, and the cylinder thus serves as a water- 
bath for the inner veasel, and as a boiler for producing the ateaia 
required for effecting the decomposition of the btty matters. The 
pruMure alio bciiiK tbe same within the iron as within the copper 
cylinder, all the lower part of Oiu latter ia relieved from 
Altoguthet the apparatus is neatly ammged, and seems well 
for its intonded purpose. 

Ifim Warkthigit.^Sftf-iatitig Tooii.— The Eihibition of 1S6S a 
tbe Srst signs of a new era in tool-making hnving commended 
Continent. The erectioii of railway repauTng-abops all over the Cob- ' 
tlnent kept up a cooatant supply of orders ; cheap labour, short 
distances for carriage, and in many coses a big^h protective tari^, 
assisted tbe first st^s in this direction. The tool'malceiB sold their 
tooU t« others, but imported English machines for their own use, unO 
they had a pbuit sufficient to enable tbem to arrive ut the same degree 
of accurjicy in workmanship which used to be the distinguiahinf 
fnutuKj of mtmbinBB made in tbe best workshops of Enghind, Tbs 
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aliility and indtutry of their workmen hse always lieeii, and ia nW, an 
important point in iaTour of cuntinental muiufiictuiers. The leenlt 
could not Ikil to be wliat it hut been, viz., ei^uality in every respect 
exoept tlio tuiit of production and aolling pniM of t^e articles. So 
mucli for the hiBtmy of Gnmuui toal-maldnff during the lost few yeaiB. 
In f r&nce the coune followed wbH uimiLir, only modified hy the 
peculiar method of action, which aoema to fiuit the nattonAl churactor 
in that country, the Government taking the subject in hand. The 
Conservatoire des Arta et Metiers, that eioeUent nationnl iuBtitution, 
began the collection of deaigne of English niachinea, and placed thcnt 
at the disposal of everybody who waa willing to take copies from them. 
Dettigna arc furnished, according to requirement, to the other nationul 
Bchools and educational eataliluihmonts throughout the counti^, and 
are obtained by the constructors and diaughtemen of the diil'erent 
euginecring Batablishmenta, practically free of all expense. In acme 
eatabldflhments in Fronce the productious atand upon a leve^ with the 
begt tools produced in any country. 

JiBcomolires. — The Englieh show is very email ; hut it has the honour 
of contributing by much the finest locomotive to the Exhibition — a 
model of strength, aynunetry, compactneBS, and simplicity. Go in 
among the I^nch and German wo^s and see what you find there. 
Tou find scores of engines, aome of them extremely well made. One 
is a locomotive ordered for our Great EaMem Builway. Forty such loco- 
motivea have been ordered; 16 of which have been approved, and this is 
the sixtecoth. 8ach a fact as this may not bo generally Itnown, and 
it is important. When we go into Wiirtembei^ we find another tine 
loDomotive ordered for England, at least for one of the East India 
railways. An order has been given for no leas than 20 similar ones. 
We still provide the deaigna for the locomotivca, but we have to go 
abroad to get them manutactured, where the labour market is cheaper. 
A qnOBtinn naturally arises — Will not the designs follow the mannmc- 
tore f Here you go 1« Creuzot for 40 engines aa good as any that can 
be made in EnglMid, sud cheaper ; or ^ou go to Esslingen for 20 of 
Bimtlar merit. What will the end of this process bo f Pride ourselvea 
on our designs as we may, how long are we likely to retain superiority 
of design il we cannot also maintain superiority of momiioctiu'e ? 

Nail-CHHing Machine, — The Wickersham Nail Company, of Boston, 
in the United States, exhibit, in the Paris Exhibition, a machine for 
cutting nails out of plate iron, and nhieh, from the rapidity with 
which it worka, and the eioellenoy of its performance, justly deserves 
the notica which it attracts. The nails are cut out perfect, with heads 
and pointed ends, all made in the one operation of slam ping-out. The 
machine iit the Exhibition is fitted with cutters arranged for making 
nails 2]^ in. long, and which are cut from a plate of iron ^ in. thick. 
Eight nnils fall out fully made with each revolution of the driving- 
ahaft, and at the time we saw it the machine was making about 120 
strokes per minute — that ia to say, it was manufacturing natls at the 
rate of nearly 1,000 per minute, apparently with the greatest ease. In 
the manufacture of smaller nails the mte of produce would, of course, 
be much more rapid. 

airrtp-BwAiMj' MaeAim. — There is a machine of extremely ingenioM 
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<rf mabrfaai at M«h ilroke, and Uie qnalilf of the article prodacdd !■ I 
•ajHitlot lo th«t mods by band. ■ 

nma ftiUrMtlng article* were exhibited. There is a copper plats I 
MIKmalldd with • BlHM-lrke ■•ihnlaDce, which is neither aiTected b^ A 
ni'xlnniW hiMl nor Vy Bcida, and doe* not crack when the plate is beat I 
111 Nlllm diroulloii to a vary *harp cnrve. The more ready uad veiT' I 

r.t — II ....._... .1 .1- i. l:.i. .^p^ however, is the production I 

le and for chemical laborstoiieB. .1 
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Tbe enamel is abaolutely free from lead, nhich most frequently forrDs 
on elemeDt of Bimilar enamelii, aud is of eoiirae injiirions. The veeseLs 
covered with this materml CMn bo exposed 1.0 all kiada of Tou^h trent- 
meiit, and even scratched over with a knife, without destroying the 
glttBsy surfiice, nor does the latter Buffer from eipoaure to heat. 

Agricultural Machines. — Mbbstb. Fowler have a TragriiHcent diaplay 
of Bteam-ploughing machinery, whLat Mesara. Howard, of Badfocd, 
have a mudul of their syeitam ia t^e Annexe, their full-eiiied tacltle 
being at Bilkntoiirt. 

The general exhibition ie very nimilur te the one in Loudon in 1862, 
and the only now objeetit of importance which we have diacovered 
there are exhibited by Mosars. Eanaomea and Sima, of Ipswich, and 
Messra. Howard and Co. The latter firm show a new Belf-acting 
sheaf-delivery reaper, in which the mechanical appamtus for working 
the take which delivers the aheaves ia constructed by means of two 
wheels and a cmnk, thus avoiding all the eumplicated gear which has 
hitherto lieen found. necessary in ncder to obtain the ccmbiued lateral 
and mtary motion to the rake. Ranaomes and Sims sJaO exhibit an 
improved steam threahing-machine, with apparatna for bruising and 
ehoppiiig 1he straw so as to fit it for use as fodder for animala. The 
grain is threshed in the same way as in Itansomea and Sims' ordinary 
machines. After leaving the shakers, it is passed into a box containing 
two rollers fitted with knives and revolving at great speed ; one of 
tbeao rollers cuts the straw into projier lengths, whilst the other 
bniisea it, and, by the rapidity of its motion, and the peculiar shape of 
the cutters, it acta upon the straw in such a way that it leaves the 
uughly softened and prepared for the food of tattle. Tho 
V is blown by a cleverly contrived elevator to any height 
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_ ^ . ^ intion does not sattle that of superiority in the 

means of production. It does not much matter where an invention 
comes fFoui, for geuernlly all the world may adopt and work it. The 
great lest of superiority is cheapness and oicellence of production. 
The FreTich, Belgians, and Germans can now spin cotton, make iron 
and ni»diiiiery. aitd build ships and bridgea, as welt, and nearly (if not 
quite) us ihcEiply as we can. They can supply their own wants hettsr 
than by buying frutii us, and tliey cun compete with us in foreign 
markets, and even in some things now and then place their gooda in 
our own markute. They have plenty of iion and plenty of coal iilr a 
TBrylargeprodnction, and they can import rawmatfiriala from America, 
Russia, or the Eaat, aa cheaply, of course, as we can. They have 
learnt all our trades, and, altiiough we for a long time refused to give 
them credit for it, they are really excellent workmen. It is useless to 
boast longer of our supremHcy; for this has now but a doubtful, if 
indeed it has any real, exiatence ; yet, at the same time, we are certain 
that our Continental rivals have not obtained what ve understand aa 
the supremacy, nor will they ever obtain it, lliey can never become 
Bueh extensii'e producers as to supply all the markets of the world, 
independent of ourselves. But that the French especially have mode 
wonderful progress ia sbnwn by ofGoial and even startling statistics. 

India ia lAi IWia Sihiiiliim, 1B<J7. — Those who iutaiested thenuelvea 
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ia the Eihibitim of ISCS will cwtminly notioe witli rc^iret Uie alisenee 
■f Biy i^m iif niij.iimniim |»Oig,TWi is India in the present one. On 
111* GHaMa- oceukn «-«(« to ba ■eat MpeoBKoa of iron monufactnre by 
Ike Eut ladiB Inni Oompenj-, wbo ai«, liowever, dot content tn ba 
upm e ui ted intgidy by Mmplee <J the nrtige iron orea. In ntw mats- 
Tide India ie aoinswlut brttar repiieeeBted, and there ace aeTeial 
■pcciinene of iron ore &on different puts of tlie empire exhibited, and 
in one or two inrtmeeg gpecinieneof iron lati eleel prepared from them, 
and aleo Bpedmeos of diercoal bmn Indore, Buniuih, and elsewhere. 
We &iled to diacxiTeT ut petndenm, vhich liowever bas now beta. 
found in ieraal puts of India. The products of the country hsTe, J 
ptch^e, never bean so erteouTdy exhibited befbro, but the omisskxt m 
to ioclnda unoagat the eitjclei anything that would exhibit the engj- 1 
nesriiv V^>S"™ "t ^e oonntry has been to exclude thoao vmj I 
bianche* of indoBtry by which, in a greater degree tiian any othef, f 
India moat look, if SFer, to be laieed ftom her present position t< 
of almost fiibnlons wealth and prosperity, to which her imi 
natmal, bnt hitherto undeveloped, rasoorceB might yet one day I 
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MBjtract* from a Lecture dQlivered. before tlie London Society of Artfl^ 
" Dr. Lyon PlnyfiUr, C.B., F.R.S,) 
It is vail to inquire, iu what we ai^ bo deficient, and whHt ia the 
reason of this deficiency. Auiuredly it does not oonsigt in the ahseDoe 
of public philanthropy or want of private zeal for education, but 
chiafij rests in that education being utterly unauited to the wants of 
Qie age. In the thirteenth and fourteenth centuriea clasaicaL learning 
was, after its revival, highly esteemed : and ita language became the 
oommon medium for expresaion in all nations. A thorough acquaint- 
ance with it woa on absolute necesBity to any one with pretensions to 
learning. It bad a glorious literatore, one as fresh as when it grev on 
the rich aoila of Rome and Greece. Its truths were eternal, and were 
received hy ub in thefr traditional mythology, as Hacon beautifully 
•ays, like " the breath and purer spirit of the earliest knowledge floating 
to us in tones made musical by Grecian flutes." And why was that 
bewitching literature mode the grouodworli of our educational systemsF 
Does it not show that literature, like art, may have a standard excel' 
leoce; and that we are content to imitate where we cannot snrpass. 
If the main object of life were to fabricate literati, I would not dispnte 
the wisdom of making olossics tbe groandwork of our education. Tbey 
are not utterly dead, bnt, like the dry bones of the valley, they may 
come together, and have breathed into them the breath of life. In th« 
world there is a constunt system of regeoetation. Theories exist for a 
tdme, but, like the phcenli, are destroyed, and rise yet more glorious 
1 their ushea. AniTiiiila die, and hy their decay pass into the 
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ts ashes produce an eagle, hut a, pbceoix as 
before. The dry bones of dead literature may vivify into new forms 
of literary life. Classical literature and exact science are, however, 
wholly antithetic. If classical litei^ture be sufficient to construct 
j-our spinning-jennies and bleach youi' coHKms, your system of instruc- 
tion is right; but if you are to be braced and your sinews strengthened 
fcr s hard struggle of Industry, is it wise that you should devout 
poetry, while your competitors eat that which forms the muscles and 
gives vigour to the sinews ? With such difierent trainings, who in the 
end will win the race? Science hoa not, like Literature and Art, a 
standard of excellence. It is as infinite as the wisdom of God, from 
whom it emanates. All ordinary powers decrease as you depart from 
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the centre; but the power of knowledge angmenta the fnrther it ia 
remaved from the human source &om which it was tranamittetL Ood 
htu given to Dinn much mental gialiflcnlion in trying tu undentSinl 
and apply to human usea Ilia Inwa. Ho* can we aa a nation e: . 
to carry on those manufiLcturea hy our Bona of Industry, when we do 
not teach them the nature of the principlea involved in their auccewful 
proeecutian ? 

All the Mpiretiona of youth are towards Science, eapecinlly that 
depending on observation, but we quench the God-bora flams hy 
" freezing drenches of scholaatic lore." You know of the nations that 
have towered high in the world, and the lives of men who have sared 
whole empiroB from oblivion. What more will you aver learn ? yet. 
the diamal change is ordained, and then, thin meagre Latin (the i 
for everybody), with amall ahreda and patches of Greek, is thrown, lika > 
a pauper's pall, over all your early lore ; instead of sweet fanowledgc^ 
vilo, monkish, doggerel grammars and gradnaes, dictionaries and lezi- 
cons, and horrible odds and ends of dead languages, are given yon foe 
your portion, and down you fall from Roman story to a thi«e-in^ > 
■crap ot " Seriplorti JiomiHii "—from Greek poetry, down, down, b 
cold rations of "Foelse Graci," cnt up hy commentators and served oat 
by achoolmasters. Is this horrible quenching of all our yonthfnli 
innate love of Qod's truth the eduistion for the youth of a nation 
depending for its country's progress on their development F How is it 
posaible that dead Literature can be the parent of living Scianca ai ' 
of active Industry ? 

It would ill tieaomB me, or an}* one, to speak diB[iaiagingIy of the 
wisdom to be derived from a study of ancient authors, or to deny the 
immense importance of a knowledge of classical literature to education 
generally; nor would I like to see thrtt edocation contjued to j 
realities, divested of the graces and poetry of polite literature. Bnt I 
do, at the same time, vehemently protest against the exhaustion of sUi 
our youthful years by a mere claaaical tuition, especially in the case of 
that lai^ claas of the community who, by Uieir eiertiona in industry, 
have confided to them, in a great degree, the proaperity of t' 
country. Aa I do not think the teaching of classical literature al; 
practiaed in our achoola to be worthy of the name of education, nflither 
do I apply that title to the communication of scientitic knowledge 
alone, — and you will observe that I have always spoken of it by the 
term "instrnclion," I am propounding no scheme of edncation, but 
strongly insisting that instruction in Science ahuuld form an important 
part of the education of our youth. You may, and I hope will, soon 
raise an induatrial university; but this should have its pupils ready 
truned before it adopts tbem. Now, it mnat from itself act downwardly 
instead of working from the school npwards. Until our schools accept 
as a living faith that a study of Qod's works is more fitted to incre ~ 
the resources of the nation than a study of the amours of Jupiter oi 
Venua, our industrial colleges will make no material headway against 
those of the Continent. In Paris, we lind a Central (Jollege of Arte 
and Manufactures, into which the students enter at au average age of 
nineteen years, already well trained in the elements of Science, and 
going there \a be taught how t« use these elements ibr indostrial 
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|>|qtp1i cation. Three buadred af tbe beet youtb of France are annuallp 
receiving at tliie college the moat elaborate education ; and the best 

Eroof of its practical value ia tbe great demand among manufucturerB 
IT ita pupils, a diplomn trom it being- tiquivalent to iisBured Bucoesa in 
life. CSiii you wonder at the progress making b; France in industry, 
when, she pours every year an hundred and Sfty of these highly- 
educated manufacturers into her pro vincea P A similSir education lo 
this ia going on in almost all parts of Europe ; butin England only one 
aneh institution eriata. We baye one University and King's College, 
It is tme. and they are productive of mnch good ; and similar colleges 
exist in Scotland and Ireland i but their instruction in Scien'« termi- 
nates just nhero the industrial colleges of the Continent begin. In 
&ct, the latter «oi;td be supplementary and a great support to the 
former. Government, acting en ita awn perception of right, in its 
firat national recognition of these truths, now happily dawning on 
England, baa established n School of Mines ; and the experience oC this 
has abovn that it is mnch appreciated, although it labours under tbe 
diaadvantsge of the want of a preliminary education in its pupils, 
compelling its professors, in its commencement, to be more elementary 
in their instruction than is well compatible with the proper objects of 
such a school. Now, while I nrge the impolicy of a mere dasaical 
inatraction to the youth of this country viilh all the eipresition which 
I can give to a matured ixmviction, do not suppOBe that I would wish 
to pat all our youth in one Procrustean bed. I again allege, that it is 
the present system which followa this singular iove of uniformity, and 
clips or extends the dimension of each youth to one common standard. 
It ia againat this very confined syatem that I protest. It is truly 
lamentable that Oiford and Cambridge ao little encourage tbe Sciences; 
for, until the collegea throw open their widest portals to these, the 
schools in the country, deriving their life from tbem, will do little to 
reform the present vices of a limited and exclusive education. 

In this country we are, in many respeats, remarkably unchangeable. 
Three professions, the Church, the Law, and Medicine, were supposed, 
some centuries since, to represent learning, and, with a wonderful 
blindness, tbey are still accepted as all-au&icient. Industry, to which 
this country owes her auccesa among nations, has nover been raised to 
the rank of a profesaion. For her sona Uiere are no honours, no 
recognised or aocial position. Her native dignity, if tacitly under- 
stood, has never formally been acknowledged, science, which baa 
raised her to this eminence, is equally unre>cognised in position or 
honours, and, from her very nature, cannot attain tbe wealth which in 
InduEtry solaces the absence of social position. This restriction of 
learned honours to three recognised professions baa a lamentable effect 
both on tbe progreas of Science and of Industry. Its conaequence is, 
that each profeasion becomea glutted wilJi ambitiooa aspirants, who, 
finding a greater supply than demand, sink into subordinate positions, 
beoomiiig soured and disappointed, itnd therefore dangerous to the 
community. Raise Industry In the rank of a profession, — as It is in 
other countries, — give to your industrial universities the power of 
granting degrees involving high social recognition to thoso who attain 
tbem, and you will draw off the excess of those talented men, to whom 



the Chnrchi the Bur, uid Madicine offer onlj a sleoder chance of I 
Kttnining omiiiencti ; uid by mfusing sucb tiileat into Indiutrji, depend 
upon it Uie effeoU will aoun hecomu apparent. In foreign vounUiM, 
pTofeuionn iiivolvins sociiJ rank and position arine with th^ir reqnite- 






eren a leSection of M 



Kuoely lufBcient for the middle ages, a 

preeent vaota. These consideiatiana a . . , 

as smhition eiiata in the human mind, their good or bad adjiutmea 

will exercije a beneficial or pemicioua influence on society 

Science has been a prime cause of creating for ua tbo inexhaDsfiblvfl 
wealth of manu&ctuma ; and it it by IJciencH that it muat be precwrej 
and eitended' We are interented aa a coinmercial people— wo A 
iiitenwted aa a free people. The age of glory of a nation is likevi 
the ape of its aeourity. The Ban:ie dignihed leeling which urges miM 
to (nm a dominion over nature will preeerve Iheoi lirom the di — ■--—• 
of liavery. 

tiapid tnuuilion ia taking place in Industry ; that the raw material, 1 
fottniuly our capital advantage over other nations, is gradually being J 
equuliacd in pnoo, and made B-vailable to alt by tiie improvemenla in 
locomotion; and that Industry mnat in future baanpported, not by» 
competition of local adrantages, but by n competition of intellect AUl 
European nations, except Kn^land, biiiTe recognised this &ct ; theosa 
thinking men have proclaimed it ; Uieir govecnmenls hare adapted ita 
aa a principle of state^ and every town has now its schools. In whiab I 
are taught the sciontilic principles involved in manutactorea, whtlc.l 
Moh metropolis rejoices in on iudustrial university, teaching liow t 

use the alphabet ot Science in reading manufactures aright 

Our man ufHuturers were justly ustoniehed at seeing most of the foieign 1 
countries rapidly appcoaiaiing and sometimes escelling ua in nuuiufiu>> IJ 
turei, our own by hereditary and traditional right. Though certainly i 
very superior in our common cutlery, we could not claim decided 8Dpe> 
riarity in t^t applied to aurgicai instruments, and were beaten in somi 
kind of edge-tooU. Neither our swords nor our guns were left with Si 
unquestioned victory. In our plate-glass, my own opinion — and I an 
sure that of many othec» — is, tbat if we were not beaten by Belgiom,! 
we certainly were by Fiance. In flint-glass, our ancient pralige « 
left very doubtful, and the only important discoveries in this mannb 
ture were not those shown on the kngltah side. Uelgiiun, which bM I 
deprived ub of so much of our American trade in woollen manufactoiea, 1 
found herself approached by competitors hitherln almost unknown \ ba 1 
Russia had risen to eminence in this branch, and the Qerman woolleni ] 
did not shame their birthplace- In silversmith work we had intro- 
duced a large number of tbreign workmen as modellers and designen ; 
but, nevertheless, we met with worthy competitors. In calico- prmting- 1 
and paper-atainiiig our designs looked wonderfully French ; whilst awe- 1 
colours, though generally as brilliant in tbeniselves, did not appear to I 
nearly so much advantage, from a want of harmony in their arrangs- . 
ment. In earthenware we ware mastata, as of old ; but in china and 
in porcelain our general eioellenco was fltoutly denied; althongh indi- 
vidual excellencies ware very apparent. In hardware we maintained 1 
our superiority, but were manilestt; surprised at the rapid ndvaneei J 
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making by many ottiDr nations It ia u giave matter fur 

raftection, wholher the Exhibition did not show very oloatly and die- 
tinctly tWt the rnte of iuduatrial advance of many European nations, 
oven of tboae who nere obviously in our rear, waa ut a greater rat« 
than our own ; and if it were ao, aa I believii it t^ have been, it does 
not require much acumen to perceive that in a long race the faateitt 
Bailing ahipa will win, even though they ore for a time behind. 

A competitioa in Industry muat, in an advanced stage of civilisation, 
be a competition of intelleiit. The inlluence of capital may purchase 
you for a time foreign talent. Oar Manchestor calico-printers may, 
and do, keep fureiEQ designers in Franca at liberal aalaiies. Our glass- 
works may, and do, Ijuy foreign sctencu tu aid them in their manage- 
ment. Our potteries may, and do, use foreign talent both in maiuLge- 
ment and design. Out silvuramitha und diamond- setters may, and do, 
depend much upon foreign talent io art and foreign skill in execution. 
Butisail thisnot a suicidal policy, which must have a tenuination, not 
for the individual munnlkclurer, who wisely buya tho talent wherever 
he can get it, but for the nation, which, careleaa of the education of her 
sons, sends our capital abroad as a premium to that intelleutual progress 
which, in our present apathy, ia our greateat danger F Tbia paints tu 
the necessity of the eatabliahmeut otindoatrial colleges ; hut it impli 
at the same time, an adaptaUon of juvenile education to the wants 
the age. All thia impreases itaelf upon my mind with a conviction as 
slrong as tbut tbu glorious sun sheds its light-giving rays to this natu- 
rally dark world of ours Do not let ua, by aevDiiug luduatry 

from Science, like a tree from its roots, have the unhappineas of seeing 
our goodly stem wither and perish by a premature decay ; but na the 
tree itself stretches out its arms to heaven to pray for food, let us, iu 
all humility, ask God also to give us that knowledge of His wurks 
wliich will enable us to use them in promoting the cemfort and happi- 
ness of His creatures. 
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